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The United States Department of the Interior was designated by the Quter
Continental Shelf (6€S) Lands Act of 1953 to carry out the nmajority of
the Act’s provisions for admnistering the mneral |easing and devel op-
ment of offshore areas of the United States under federal jurisdiction.
Wthin the Department, the Bureau of Land Managenent (BLM) has the
responsibility to meet requirements of the National Environmental Policy
Act of 1969 (NEPA) as well as other legislation and regul ations dealing
with the effects of offshore developnent. In Alaska, unique cultural
differences and climatic conditions create a need for devel opi ng addi -
tional socioeconomc and environmental information to inprove 0CS deci-
sion nmaeking at all governnental |evels. In fulfillnment of its federal
responsibilities and with an awareness of these additional information
needs, the BIM has initiated several investigative prograns, one of
which is the A aska OCS Soci oeconom ¢ Studies Program (SESP).

The Al aska 0CS Soci oeconom ¢ Studies Program is- a nulti-year research
effort which attenpts to predict and evaluate the-effects of Al aska OCS
Pet r ol eum Devel opment upon the physical, social, and econom c environ-
ments within the state. The overall nethodology is divided into three
broad research conmponents. The first conponent identifies an alterna-
tive set of assunptions regarding the |ocation, the nature, and the
timng of future petroleumevents and related activities. In this
conponent, the program takes into account the particular needs of the
petrol eum industry and projects the human, technol ogical, economc, and
envi ronmental offshore and onshore devel opnent requirenments of the
regi onal petrol eum industry.

The second conponent focuses on data gathering that identifies those”
quantifiable and qualifiable facts by which 0CS-induced changes can be
assessed. The critical community and regional conponents are identified
and evaluated. Current endogenous and exogenous sources of change and
functional organization anong different sectors of community and region-
al life are anal yzed. Suscepti bl e community rel ationships, val ues,
activities, and processes also are included.

The third research conponent focuses on an evaluation of the changes
that could occur due to the potential oil and gas devel opnent. |[npact
eval uation concentrates on an analysis of the inpacts at the statew de,
regional, and local |evel.

In general, program products are sequentially arranged in accordance
W th BIM's proposed OCS lease sal e schedule, so that information is
timely to decisionmaking. Reports are available through the National
Technical Information Service, and the BLM has a limted nunber of
copies available through the Al aska OCS Office. Inquiries for inforna-
tion should be directed to: Program Coordi nator (COAR), Soci oeconomic
Studies Program Alaska OCS Ofice, P. O Box 1159, Anchorage, Al aska
99510.
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FISHERY BIOLOGY

This appendix is an introduction to the biology of the commercial
fisheries of the Gulf of Alaska, and as such it provides information
that is useful both in projecting the development of these commercial
fisheries and in appreciating the great uncertainty that is associated
with any such projections. The topics addressed include causes of fluc-
tuation in resource abundance and biological characteristics of each
species. The latter include life histories, species specific causes

of fluctuations in resource abundance, and factors affecting the harvesting

season.



Causes of Fluctuation in Resource Abundance

The objective of this section is to describe the major causes of fluctuation*
in the abundance of a resource that are common to many fisheries. The causes
of Fluctuation that are of particular importance in each fishery are discussed
°

in a latter section which describes fishery biology by species. A glossary of .

biological terms is included at the end of this chapter.

FLUCTUATIONS IN WORLD FISHERIES: AN INTRODUCTION

At present, the world catch of marine fisheries resources amounts to some
70 million metric tons (NT). The majority of this catch is comprised of
herring-like and cod-like fishes (Cushing, 1975). The trend °f world Fisheries,
despite recurrent fluctuations, is toward gradual expansion in terms of both har-
vesting effort and the development of new methods for the utilization of an
ever-decreasing list of underutilized marine species. Gulland (1970) has pub-
lished a conservative estimate of the world potential catch of fish and shell-
fish at the level of 120 to 140 MT, although this yield might be ‘less due to
intervening economic factors.

Apart from the problems associated with the maximal harvest of available
resources, the world fisheries are beset by periodic fluctuations iIn the catch
of conventional species. The history of most fisheries indicates that oscil-
lations in catch are the result of any of a number of natural and artificial

causes, a number of which will be discussed in the course of this section. The

principal elements involved in the determination of catch include: the

abundance of the organism, the “availability of the organisms, and the amount

of harvesting effort (Sette, 1961). While harvesting effort is large” ¥y the

product of economic conditions, the abundance and availability of mar ne re-
sources is largely the product of environmental factors with stress associated

with commercial exploitation acting most often in a secondary capacitv. Many



fisheries failures are not the result of declines in absolute abundance but
rather represent changes in geographic distributions. The ultimate cause of
fisheries fluctuations in terms of abundance involves changes in reproductive
potential, larval and adult survival, and recruitment (Uda, 1960). The relation
of trends in fishing success to environmental factors in the water masses and
to overlying climatic factors has been suggested and may be particularly ap-
plicable to the fisheries of the North Pacific Ocean (Ketchen, 1956). Ayushin
(1965) states that many of this planet’s processes exhibit a periodic nature,
the Tength of each cycle being about 85 years, and that fluctuations in the
abundance of various marine resources might be linked with changing physical
environment factors. As a consequence, fluctuations in some pelagic fisheries,
herring and salmon being notable, seem also to occur on a world-wide scale and

may correspond to these same geophysical events (Uda, 1961).

[
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World fisheries with the North Pacific and Gulf of Alaska in Perspective

FIGURE A.! ¢

First trophic level: Phytoplankton production
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FIGURE 4 . 1
Second trophic level: Zooplankton production
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World fish catches

FIGURE -

Trophic levels above zooplankton
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FLUCTUATIONS IN MARINE RESOURCES: THE NORTH PACIFIC

IN PERSPECTIVE

Long-term and short-term natural fluctuations both in total species

biomass and in the availability of different species are normal phenomena

on the Tfishing grounds of the Gulf of Alaska and the North Pacific in

general.

cial conditions including overfishing and habitat degradation via the

Under complex natural environmental conditions as well as artifi-

addition of pollutants of human origin, fish populations undergo periodic

oscillations in abundance accompanied by changes in distribution.

The

annual harvest of each species proceeds in parallel, moderately buffered

fluctuations, f  sheries often being depensatory in character, with in-

tervals between major trends of slightly less than a century, or 20 to 30

years, or 50 to 60 years (Auyshin, 1965; Uda, 1961).
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The extended history of natural fluctuations in the Pacific can be

seen in the historic abundance of the northern anchovy,_Engraulis mordax,

and the Pacific hake, Merluccius productus, as deduced from scale remnants




in bottom sediment strata. According to Rounsefell (1975) the anchovy was
most abundant 1,500 years ago with a progressive decline over the ensuing
1,200 years. The hake demonstrated wide fluctuations with periods of
abundance every 300 to 350 years. Nagasaki (1973) has classified fluctu-
ations in abundance as long, intermediate, and short term. |ong term
changes are caused by major environmental change as seen in the abandonment
of traditional spawning grounds as in the case of the Hokkaido herring.
Intermediate-term fluctuations in abundance are caused by events, environ-
mental or otherwise, which lead to variations in the survival of larval
organisms.  Short-term fluctuations are apparent™y random in their occur-
rence and, again, largely influence the survival of the organism in question
during some particularly vulnerable period of its life history.

The abundance of coastal pelagic resources has been subject tg rapid
fluctuations which have largely frustrated resource managers in terms of
finding stabilizing solutions. The list of major dislocations in the North
Pacific during the past half-century include the collapse of the sardine,

Sardinops mel anasticta, in Japan and Korea (1930s and 1940s); the decline

of the California sardine, Sardinops caerulea (1930s); the collapse of the

Hokkaido herring previously mentioned; and the recent sudden decline of the
British Columbia herring (Kasahara, 1973).

A description of regional fluctuations, of which this is a brief
review, must include mention of stabilizing elements in the life history of
the various species. Current fisheries theory separates marine organisms
in discrete or semi-discrete stocks, each of which is usually fixed within
a given current system (Cushing, 1973), The stability of the stock is
maintained by the adherence of the members of the stock to relatively Tfixed
migratory pathways, the most critical segment of which is termed the larval

drift and involves, basically, the movement of developing larvae from tha



spawning grounds to a relatively f xed nursery area (Cushing, 1975).

Adult stock

A B
. Denatant
Spawrning Nursery
areu ared

The triangle of fish migration; maturing fish move againsta current, contra-
natantly tothe spawning ground. Spent fish drift, denatantly, from spawning ground
to feeding ground; larvae drift denatantly tothe nursery ground in the same current.
Recruits migrate from the nursery ground tojoin the aduit stock on the feeding ground.
The terms confranasant and denatamt describe the nature of migrationand carry no ®
connotation of orientation.

FIGURE A. « Source: Cushing, 1973; Jones, 1968

Each migratory circuit is considered to be characteristic of a particular
stock and, with a limited degree of movement in accordance with slight
environmental change, is geographically fixed to a particular section of
the ocean for most species. The timing of the circuit is generally syn-
chronized with the production cycle of the region through which the larval
drift occurs. Because of the seasonal or discontinuous nature of the
production cycle in temperate and subarctic waters, spawning must occur
during a limited season in order that the specialized food needs of larvae
can be satisfied. The stability of a particular stock is most significantly
dependent upon the matching of larvae with appropriate food particles. As
a consequence, the spawning of most northern fish occurs on relatively
restricted grounds, while others, including salmon, spawn on genetically
fixed grounds (Cushing, 1975),

As a consequence of the above events, a stock of fish in temperate

waters will be found in generally the same area from year to year. In



order to maintain a relatively fixed areal distribution, at some point in
the annual cycle of most fish, active compensatory migrations by gravid
adults must be undertaken in order that larval drift can occur in a parti-
cular current system (Skud, 1977), Among the various Pacific species which

undertake extensive compensatory migrations are: Pacific salmon, Oncorhynchus

spp.; albacore, Thunnus alalunga; sablefish, Anoplopoma fibria; and numerous

species of marine mammals (Royce, et al., 1968). Stability is preserved
through the annual flow of organisms through a fixed migratory circuit
operating in relatively unmodified biotic and abiotic environments. Per-
turbations directly involving the stock organisms during some part of the
circuit or involving the supporting environment will result in the natural

fluctuations which are the subject of this paper.

THE INFLUENCE OF PHYSICAL FACTORS IN THE ENVIRONMENT ON THE ABUNDANCE AND
AVAILABILITY OF MATURE MARINE ORGANISMS

The biological processes operating within the physiological makeup of
marine animals require a particular range of physical environment values
for their continuance and proper functioning. This limited range of adapt-
ability insures the presence of marine organisms in geographic areas where
physical conditions, as well as biological conditions, are supportive with
general movement toward optimal conditions. Thus, changes in the marine
environment may cause alterations in the primary productivity of a localized
area or larger region, the magnitude of areal change dependent upon the
nature of the perturbation, alterations in the food chain at higher trophic
levels, and the eventual displacement or concentration of various marine
species (Parsons, et al., 1972). Nikolsky (1963) expanded on this list by
stating that changes in the marine environment are most commonly of a
local, non-periodic nature and influence the stability of stocks by altering

spawning or overwintering conditions, among others.



Of the several physical parameters to the marine environment, possibly
the most significant and the best known is that of temperature. Physio-
logical processes operate optimally only within narrow temperature ranges,
although some exceptions are known (Rounsefell, 1975). The optimum temper-

atures (dark areas) are indicated on the following figure for a number of

North Pacific species:
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What is notable about this distribution is that the temperature range in
white indicates the water temperature of regions in which 98 percent of the
total catch for each species was harvested (Rounsefell, 1975). Poikilotherms
generally remain in their optimal temperature range, seasonal cooling or

warming of water masses being accommodated by shifts in geographic or

bathymetric position.

Opti MUM waier tempercture specirg Of inMportant fishesin
Japen (Uda 1957).

Source:

Several important benthic species of the Gulf of

Uda, 1961




Alaska demonstrate movements onto the shelf during spring and summer with
shifts to the deeper waters of the continental shelf during periods of
seasonal cooling. Numerous pelagic species make similar physiological
accommodations by making long seasonal migrations, most commonly in a
southward direction. The sablefish serves as an example of a represen-
tative example of the benthic group and the albacore tuna of the pelagic
group.

Growth and longevity are also influenced by temperature. Fish of more
southern waters tend to grow faster, mature earlier, and die younger than
fish in northern waters which, as a consequence of greater longevity, tend
to reach larger sizes than similar southern species. An example of differ-
ential growth following latitudinal gradients is given by the Pacific razor

clam, Siliqua patula. At the southern extreme of the razor clams range,

longevity extends to approximately 4.4 years whereas 19 years is the known
longevity of some clams in the northern range of this species (Rounsefell,:
1975). In this case, temperature has also caused the razor clam to reach a
considerably larger size than those to the south.

Although 1t is generally agreed that temperature changes can modify
the distribution of marine species, some contention remains concerning the
impact of temperature anomalies on abundance. Fisheries data is often
found to be inadequate in determining whether a species has undergone a
change in abundance as a result of temperature changes or if the species
changed its vertical or horizontal distribution and moved beyond the range
of commercial fleets without any changes in abundance. Large fluctuations
in the landing of squid and other species are experienced in Japanese
waters due to hydrographic changes, most notably temperature changes brought

about by the movement and position of the Kurashio current (Nagasaki,



1973). The existence of other major current systems n the subarctic
region of the northeastern Pac' fic and Gulf of Alaska would seem to suggest
that similar fluctuations could be expected e sewhere in this ocean basin.
The quantitative impact of temperature anomal es will be dealt with in a

later portion of this paper (See Herring).
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Changes in the inflow of current systems, whether regional or local,

will lead to changes in the temperature regime of associated water masses,
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this last alteration affecting the distribution of adult fish (Nikolsky,
1963). Although changes in the distribution and abundance of Pacific

halibut, Hippoglossus stenolepis, due to warming trends is contested

(Ketchen, 1956; Bell and Pruter, 1958), the movement of Atlantic cod, Gadus
morhua, into far northern waters of the Atlantic Ocean is thought to be the
result of warming trends (Rounsefell, 1975). The warming of the North
Pacific appears to be responsible for the low abundance of the Pacific
herring south of the latitude of Cape Flattery, Washington (Rounsefell,
1975), while this same warming trend in Arctic and sub-arctic regions may
have had a causal relationship with the decline of Asiatic and Alaskan
salmon (Uda, 1961).

A number of other parameters to the physical environment occupied by
marine species are known to have significant impact on the distribution and
abundance of these same species. Among these additional factors are the
overblooming of planktonic organisms leading to mass vertebrate and in- *
vertebrate mortalities due to the ingestion of toxic materials and salinity
changes which are significant in the seasonal movements of many organisms.
Water strata with considerable salinity gradients may serve as partial
barriers to migrations. Such haloclines thus may alter the abundance of
various organisms and may cause local fluctuations in the relative abundance
of commercially important organisms (Aron, 1960). Salinity changes are
also important to the distribution, abundance, and survival of estuarine
and littoral organisms, notably oysters and clams, both of which have
specific and varying salinity needs depending on 1ife history stage
(Rounsefell , 1975) .

As a summary to this section dealing with the influence of physical

factors on fluctuations in the distribution and abundance of marine species,



reference will be made to Uda's (1961) “principles of distribution.” A
partial listing of these principles will be included because of their
practical nature and their importance in predicting the location of fish
concentrations and their use as partial explanations of natural fluctu-
ations in abundance and availability.

(A) Marine organisms are distributed in association with water
masses to which they are physiologically adapted.

Rounsefell -(1975) reports that one possible outcome to a northward extension
of isotherms would be the northward expansion of both the northern and
southern range limits, with no gain in area.

(B) The concentration of fish is determined by the narrowness of
water zone with optimal qualities, such as temperature and
salinity. Oceanic fronts or boundaries between different
water masses are particularly favorable fishing locations.

The waters of the northwestern Pacific and the Bering Sea are the locations
of one of the world’s most intensive fisheries. As compared to the surface
waters of the northeastern Pacific, the Asiatic waters are characterized by
much greater seasonal temperature changes, leading to the formation of
sharp temperature gradients or boundaries resulting in marked seasonal
movements and concentration of pelagic species (Kasahara, 1973). Similar
gradients do not occur in the northeastern Pacific.

(C) The intrusion of warm and cold water into populated water masses
bring about the concentration of fish and produce good fishing
areas.

(D) The fertilization of water zones by natural or artificial means
brings about increased production and may become potential areas

for fishing (also known as Brandt's Theory).
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(E) School ing of fishes responds to a number of conditions including
temperature. Stable conditions over protracted periods is an
indication of poor fishing potential while marked spatial
gradients involving any of a number of conditions may lead to
concentrated schooling and the production of good fishing areas.

(F) Schools of fish during feeding migrations generally seek out areas
where appropriate food particles (organisms) are abundant and can
be expected to arrive when food is abundant.

(G) Spawning migrations tend to follow instinctively determined routes
following appropriate environmental patterns.

(H) Each fish species demonstrates unique phototactic behavior and
respond to specific luminosity ranges when fish lamps are
employed to attract fish concentrations. Bright moonlight tends
to disperse fish, fish lamps being less effective at these times.

(1) Spawning migrations are marked by the concentration of fish in *
favorable water masses. Such fish become more concentrated as
they approach the spawning grounds. Delay during migrations
generally result in decreased reproductive potential and may result
in fluctuations in future catch.

(J) Bottom characteristics may affect the migrations of fish.

(K) Fish which migrate in mid-water layers tend to be concentrated
both vertically and horizontally by unfavorable water strata.

(L) Fish tend to make upward migrations when they are actively feeding.
For many fish, the period of most active feeding extends from

sunset to sunrise. The turn of the tide is another indication

of good fishing.



(M) The approach of atmospheric disturbances leads to the concentration
of fish in coastal surface layers. Similar disturbances over
oceanic waters tends to disperse fish and decrease catches.

{N) The productiveness of a particular fishing area will vary for
each species present, with each species reacting in a unique manner
to the set of influences.

(0) Long-term fluctuations in commercial fisheries are the result of
cyclic environmental changes. The magnitude of the fluctuation is
dependent upon the degree of departure of conditions from the

optimum conditions for each species.

THE IMPACT OF COMMERCIAL FISHERIES ON FLUCTUATIONS IN THE ABUNDANCE OF MARINE
RESOURCES

Traditionally, Tfisheries biologists have tended to underestimate the
influence of fishing and overestimate the influence of natural environ-
mental change on the stocks of marine organisms. This situation has largely
been caused by the supposed insignificance of a given fisheries operation
in the face of large natural fluctuations. For example, some marine stocks
have been known to disappear completely only to reappear after an interval
of years, all events seemingly independent of fishing effort. What is
known is that various stocks of fish, particularly pelagic stocks, do
undergo long-term fluctuations in abundance and that profound changes in
an ecosystem including many species must be the anticipated outcome (Cushing,
1975). The matter can be summarized in the following quotation (Bell, et
al., 19588): "The relative effects of fishing and natural factors on the
abundance of marine species. . and upon yields therefrom have been the
object of a great amount of study throughout the world. There is agreement

that man’s impact upon the stocks has introduced an additional element into
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the already complex and fluctuating conditions under which a species may
exist. But differences of opinion as to. ..the effects of the removals by
man as opposed to changes . ..brought about by environmental factors appear
to arise from the incompleteness of our knowledge. ..~

The recent history of world fisheries shows the extinction of several
large industries exploiting once abundant pelagic and demersal marine
stocks including the Japanese sardine, the California sardine, the Hokkaido
herring, all previously mentioned, and the Norwegian herring (Cushing,

1975), not to mention the potential demise of important stocks in the

northeastern Pacific including the Pacific Ocean perch, Sebastes alutus,

and the weathervane scallop, Partinapecten cauvius. While Nagasaki (1973)

contends that the impact of fishing on many stocks is small or even in-
significant, Kasahara (1973) concedes that whi]% the initial sharp decline
in abundance might result from natural environmental causes, continued
fishing pressure would prevent the stocks from recovering. Cushing (1973)
apparently agrees with this latter process in stating that several great
pelagic fisheries have disappeared following protracted periods of chronic
recruitment failure. Continued exploitation in the form of “recruitment
overfishing” caused the final decline of these stocks. In the cases of
commercial species exploited along the fringes of their natural range,
highly variable recruitment tends to be the role due to environmental
constraints or abundance. Several species from the Gulf of Alaska are in
this category of organisms subject to wide fluctuations in recruitment, the
need for highly organized management being the obvious implication.

The population dynamics of marine species present an array of problems.
What is generally held, however, is that when the growth rate of a stock is

high, reproductive maturity will set in early through a feedback pror~es




causing reproductive potential to remain in a position to compensate for
total natural and fishing mortality, and, assuming food resources remain
stable, the catch per unit effort and total catch will remain at a relat vely
constant level over a number of seasons. However, when natural or artifi-
cial conditions intervene such that the reproductive potential of the stock
falls below the level of total mortality, then the fishery will decline and
management efforts must be directed to the improving of reproductive
capacity (Nikolsky, 1963). It has been demonstrated experimentally that
total mortality above the maximum level for which the species can compensate,
the natural environment remaining unperturbed, will lead to instability

and wide fluctuations in abundance. It is suspected that in the

case of the Peruvian anchovy the combination of fishery mortality and

natural mortality exceeded this compensation level or maximum sustainable
yield (including yield to marine predators) and resulted in the inevitable
outcome of the collapse of the fishery (Murphy, 1977).

Apart from population dynamics, the evoiut - on of a commercial fishery
presents unique problems for the manager. Most historic fisheries have
developed around a single species which tended to have a predominant value
and provided the necessary incentive for development. Such a fishery would
tend to become successional in character since, when the original species
has been fished down and depleted, the industry would then move on to an
unexploited resource. The problem with such a fishery is that it is largely
density-independent in its influence on a stock: that is, it attempts to

take a relatively constant number of organisms regardless of the actual

abundance of the stock. Managers are often politically obliged to maintain
a minimal harvest even when a stock is depleted. The danger exists that, in

the course of the continuing natural fluctuation of the stock, fishing
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might exert a far greater mortality than anticipated leading to the re-
duction of reproductive capacity far below levels from which rapid recovery
can be anticipated. Single resource-based fisheries tend to be unstable
because of this problem. Both the fishery and the resource base are vulner-
able to the effects of excessive fishing (Garrod, 1973).

Fluctuation in the yield of coastal pelagic fish stocks and other
resources is a direct cause of instability in the corresponding fisheries.
Because of changing biotic and abiotic factors in the environment, it is
often impossible to predict the catch of an important species, leaving the
local industry unprepared for a number of possible outcomes (Nagasaki,
1973). The actual causes of rapid fluctuations of most species remain
largely unknown. It has been noted, however, that the combined catches of
a number of species in Japanese coastal waters have remained approximately
constant for a protracted period. Diversity provides an element of sta-
bility. Thus, according to Kasahara (1973), a practical way of managing &
fishery is to allow for sufficient versatility such that the industry can
take advantage of the most abundant of a number of species. The risk of
damage to a particular resource which may be at low level of abundance is
less likely when the fishery is integrated over a number of resources.
Diversification enables the load of exploitation to be spread over a number
of species, reproduction potentials of each remaining at high levels
(Garrod, 1973).

The foregone conclusion developed to this point is that fishing
mortality coupled with environmental mortality and stress can and will act
to suppress the abundance of a species to extremely low levels. A con-

siderable history of such events has occurred in several major world

-
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fisheries particularly when heavy exploitation was brought to bear against
species noted for considerable natural fluctuations. Diversification of
fishing effort in the northeastern Pacific and associated waters, parti-
cularly the Gulf of Alaska, might take several forms. One means of diversifi-
cation would be to seek out underexploited traditional species and the

other woul d invol ve the exploitation of non-traditional species which

hitherto have received very little attention.

In the Gulf of Alaska and Bering Sea most stocks of commercially
important demersal and pelagic species, including salmon, halibut, king
crab, Pacific Ocean perch, and sablefish, are either at or above the level
of maximum sustainable yield. The catches of these species could not be
expected to increase substantially as fishing is further intensified
(Kasahara, 1973). On the other hand there still exist stocks of trad
tional species in the North Pacific which are either little exploited Or
entirely unexploited, most of which are found in the eastern half of he *
region. A partial listing of these species include the anchovy {Engraulis,

mordax), herring in some areas, squids, capelin_(Mallotus_villosus), saury

(Cololabis saiva), sandeels (Ammodytes_spp.), the pomfret (Brama vaii ), sea

urchins, and some pandalid shrimps. Substantial increases in the harvest
of pollock {Theragra chalcogramma)_in the Gulf of Alaska can also be
anticipated. The increase in total yield brought about by fisheries in-
volving the above species has been estimated to be several million metric
tons per year (Kasahara, 1973).

As the demand for fishery products increases in world markets, it is to
be expected that all traditional species might eventually be fully utilized.

A further potential line of development might be the use of deep-water
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Nikolsky, 1963
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Biological Characteristics by Species

SALMON

Life History, King Salmon

Taxonomy

°
King salmon (Oncorhynchus tshawytscha) are members of the family Salmonidae

and are the largest of the five Pacific salmon. Local names vary by location.

In Washington and Oregon, king salmon are called “chinook™, while in British

Columbia they are surnamed “spring salmon”. Other local names are "quinnat", .
"tyee", "tule", and "blackmouth".

Distribution e

King salmon range in western North America from Ventura River in southern
California to Point Hope, Alaska, adjacent to the Chukchi Sea. In Asia they
range from Hokkaido, Japan, north to the Anadyr River in Siberia. e

Physical Description

A mature king salmon averages 102 cm (40 inches) in length and 18 kg ¢
(40 pounds) in weight; however, a 57.2 kg (126 pounds) salmon was taken near
Petersburg, Alaska, in 1949.

Adult king salmon are distinguished by the black, irregular spotting on ¢
the back, dorsal fins and on both sides of the caudal fin. “They are also
character zed by a black pigment along the gum line. In the ocean the king
salmon is a robust, deep-bodied fish. It has a blue-green coloration on its ‘

back, fail ng to a silvery color on the sides with white on the belly.



Depending upon location and degree of maturation, spawning colors vary
from red to copper to almost black. Males are more deeply colored than females.
Males are also distinguished by their "ridgeback" condition and their hooked
upper jaw.

In fresh water, juvenile king salmon are recognized by well-developed

parr marks which are bisected by the lateral line.

Life History

Like all species of Pacific salmon, king salmon are anadromous. They
hatch in fresh water, spend part of their life in the ocean, then return to
fresh water to spawn.

King salmon may become sexually mature between their second and seventh
years. As a result, fish in any spawning run may vary greatly in size. For
example, a mature three-year-old generally weighs less than 23 kg (50 pounds),
while a mature seven-year-old may exceed 23 kg (50 pounds). Females are usually
older than males at maturity. With the exception of six and seven-year age
groups, male spawners generally outnumber female spawners. Small king salmon
that mature after spending only one winter in the ocean are commonly referred
to as “Jacks”. These are usually males.

In Alaska, mature king salmon start to ascend larger rivers from May
through July and often make lengthy fresh-water migrations to reach their home
streams. Spawners destined for the Yukon River headwaiters in Canada are known
to travel more than 3220 km (2,000 miles) in a 6(0-day period.

King salmon do not feed during the freshwater migration, causing their
physical condition to gradually deteriorate. During this period they utilize
stored body material for energy and for the development of reproductive pro-

ducts .



King salmon may spawn immediately above the tidal limit, but most travel
upstream.  Spawning generally occurs in the main channels of larger streams.
Optimum substrate composition is 55 to 95 percent medium and fine gravel (ho
more than 15 cm in diameter) with less than eight percent silt and sand.
Optimum stream discharge is 14.2 to 56.6 liters/see (0.5 to 2.0 ft'/see).

The spawning act is essentially the same for all five species of Pacific
salmon. The female selects a spawning site, usually a riffle area, and digs
the nest or redd by turning on her side and beating with her tail. Redd size
varies from 1.2 to 9 meters in diameter. Usually a dominant and several
accessory males are in attendance. When the redd is completed and the female
is ready to spawn, she swims across the redd and lowers her anal fin into it.
The dominant male comes alongside the female and quivers. The eggs from the
female and sperm (milt) from the male are released simultaneously. After egg

deposition, the female digs upstream from the redd and covers the eggs with

grave” . A female may dig several redds and spawn with more than one male.” Males

may a’ so spawn with several females. Females may contain from 3,000 to 14,000
eggs. The eggs are comparatively large (six to seven mm in diameter) and are
orang sh-red in color. Shortly after spawning activity ceases, the adult king
salmon die.

Dependent upon water temperatures, the eggs hatch in about seven to nine
weeks. The newly-hatched fish, called alevins, remain in the gravel for two
to three weeks while they gradually absorb the food in the attached yolk sac.
Fry emerge from the gravel by early spring. Following emergence they school,
but soon become territorial. Juvenile king salmon predominately migrate to
the ocean after hatching, but may reman n in freshwater one or two years before
migrating.

During the freshwater stage they eed largely on plankton, aguatic insect

larvae and terrestrial organisms. In the ocean king salmon consume a _wide

~



variety of organisms, including: herring, pilchard, sandlance, rockfish, eulachon,
amphipods, copepods, euphausiids, and larvae of crabs and barnacles. King ‘.
salmon grow rapidly in the ocean, often doubling their body weight during a
sumer season. King salmon feed in marine waters for a period of one to six
years before returning to spawn in freshwater.
The preceding ascription of the life history of king salmon was provided
by: McClean, R. F. et al, 1977.
Clemens, W. A. and G. V. Wilby. 1961. Fishes of the Pacific coast of Canada.
2nd ed. Bull. Fish. Res. Bd. Canada 68. 443 p.
Hart, J. L. 1973. Pacific fishes of Canada. Fish. Res. Bd. Canada.
Bull. 180. 740 p.
McPhail, J. 0. and C. C. Lindsey. 1970. Freshwater fishes on north western

Canada and Alaska. Bull. 173. Fish. Res. Bd., Canada. 1970. 381 p.




Sockeye salmon remain in ocean feeding areas from one to four years. With
the onset of sexual maturity, they begin migrating back to coastal waters and
finally their native streams.

The preceding description of the life history of sockeye salmon was provideq
provided by: McClean, R. F. et al, 1977.

Clemens, W. A. and G. V. Wilby. 1961. Fishes of the pacific coast of

Canada. 2nd ed. Bull. Fish. Res. Bd. Canada 68. 443 p.

[ J
Davidson, F. A. and S. J. Hutchinson. 1938. The geographical distribu-
tion and environmental limitations of the Pacific salmon. (genus
Oncorhynchu). Bull. Bur. Fish., 48:667-692. (Bull.No. 26) °
Fleming, R. H. 1955. Review of the oceanography of the North Pacific
Intern. North Pacific Fish. Comm., Bull. No. 2. 43 p.
Forester, R. E. 1968. The sockeye salmon. Bull. 162, Fish. Res. Ed. ®
Canada. 422 p.
Hart, J. L. 1973. Pacific fishes of Canada. Fish. Res. Bd. Canada
Bull. 180. 740P. ®
Hartman, Wilbur L. 1971. Alaska’s fishery resource - the sockeye
salmon. U.S. Dept. of Commerce, Nat. Oceanic and Atmospheric
Admin., NMFS leaflet 636. ®
McPhail, J. D. and C. C. Lindsey. 1970. Freshwater fishes of north-
western Canada and Alaska. Bull. 173. Fish. Res. Bd., Canada.
1381 p. °
@
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Life History, Coho Salmon

Taxonomy

Coho salmon {Oncorhynchus kisutch) is a member of the family Salmonidae.

In common usage, coho salmon are generally referred to as “silver salmon”.

Distribution

Coho salmon are distributed in western North America from Monterey Bay,
California, north to Point Hope, Alaska. In northeastern Asia they range from
Hokkaido, Japan, north -to the Anadyr River in Siberia. In Alaska cohos are
abundant from the Dixon Entrance (Southeastern Alaska) north to the Yukon River.

Evidence suggests cohos are rare north of Norton Sound.

Physical Description

The average weight of a mature coho salmon is from 2.7 to 5.4 kg (six to
12 pounds). The average length at maturity is 74 cm (29 inches). During ’ocean
residency, adults are metallic blue on the dorsal surface, silvery on the sides
and ventral surface and cuadal peduncle. |Irregular black spots are present on
the back and usually on the upper lobe of the tail. Spots and gums are not as
darkly pigmented as in king salmon. The caudal peduncle is unusually broad, and
a silvery plate is evident on the tail. During the spawning phase, both sexes
turn dark, with a maroon-reddish coloration on the sides. The male develops an
extremely hooked snout and its teeth become enlarged. The male also develops
a “humped” back, but it is not as extreme as those found in spawning sockeye
or pink salmon males. Occasionally, males return to spawn after only three to
six months at sea. These small “jacks” resemble adults, but possess more rounded
tail lobes.

Juvenile coho have parr marks evenly distributed above and below the lateral

line. The parr marks are narrower in width than the interspaces, No black spots
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are visible on the dorsal fin. The anal fin has a long, leading edge usually

tipped with white. All other fins are frequently tinged with orange.

Life History

°
In Alaska coho salmon enter spawning systems from August through November,

usually during periods of peak high water. Actual spawning occurs between Sep-

tember and January. Although spawning may occur in main channels of large rivers,
°
locations at the head of riffles in shallow tributaries or narrow side channels

are preferred. Optimum substrate composition is small-medium gravel. However,
coho salmon are extremely adaptable and will tolerate up to ten percent mud.

°
Optimum stream discharge is 96.3 liters/see. (3.4 ft./see). The nest, or redd,

site is generally larger than that for sockeye salmon and averages 2.8 m in the

Columbia River basin.

°
Fecundity ranges from 2,400 eggs to 5,000 eggs in larger females. Eggs
are orangish-red in color and smaller than most other salmon eggs, ranging” from
four to six millimeters in diameter.
°

Eggs in the gravel develop slowly during the cold winter months, hatching
in about six to eight weeks. This interval is highly variable due to the in-

fluence of environmental factors. The sac-fry remain in the gravel and utilize

the yolk material until emerging two to three weeks later. Upon emergence, the
fry school in shallow areas along the shores of the stream. These schools break
up rather quickly as fry establish territories. The fry defend these “territories
from other juvenile coho with aggressive displays. This territory is usually °
along the shoreline or behind a log or boulder. From such a location the young
fish do not have to fight the current and can dart out to feed on surface insects
or drifting insect larvae. )
Juvenile coho grow rapidly during the early summer months and spend the

winter in deeper pool areas of spring-fed side ponds. Coho salmon also rear in
]
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ponds or lakes, where they feed along shoreline areas. Rearing also occurs in
brackish, lagoon areas.

In the spring of their second, third, or fourth year, coho smelts migrate
to the sea. They remain inshore and near the surface during the first few months,
feeding on herring larvae, sandlance, kelp, greenling, rockfish, eulachon, in-
sects, and various crustaceans such as copepods, amphipods, and barnacles. They
also feed on crab larvae and euphausiids. After several months inshore, they
move out into the open ocean where their principal foods are squid, euphausiids,
and various species of small fish. .

Information concerning the coho's ocean residency is scant. However, tag-
ging in the Gulf of Alaska has indicated that a large number of southeast Alaska
coho move north along the coastline until reaching the Kodiak Island vicinity.
This movement corresponds with the Alaskan Gyre, which is a counterclockwise pat-
tern of ocean currents moving across the North Pacific to the coast of British
Columbia, northwest along the coast to the Gulf of Alaska and then southwest toward
the Alaska Peninsula. Other species of Pacific salmon are thought to follow this
counterclockwise pattern during ocean residency. Coho salmon spend from one to
three years in marine waters before returning to spawn in their native streams.

The preceding description of the life history of coho salmon was
provided by: McClean, R. F. et al, 1977,

Clemens, W. A. and G. V. Wilby. 1961, Fishes of the Pacific coast of

Canada. 2nd ed. Bull. Fish. Res. Bd. Canada 68. 443 p
Hart, J. L. 1973. Pacific fishes of Canada. Fish. Res. Bd. Canada

Bull. 180. 740 p.

McPhail, J. D. and C. C. Lindsey. 1970. Freshwater fishes of north-
western Canada and Alaska. Bull. 173. Fish. Res. Bd., Canada.

1970. 381 p.



Life History, Pink Salmon

Taxonamy

Pink salmon {Oncorhynchus gorbuscha) are members of the family Salmonidae.

Pink salmon have also been called “bumpy” or “humpback” salmon because of the

enlarged hump that develops on the back of the spawning male.

Distribution

Pink salmon occur in streams from northern California to the Arctic Ocean
in North America, and from the Arctic Ocean south to Hokkaido Island of northern
Japan in Asia. Their oceanic distribution extends from North America to Asia

north of the 40th parallel through the Bering Strait into the Arctic Ocean.

Although several attempts have been made to transplant pink salmon to waters out-

side their natural range, no new fishery has been established to date.

Physical Description

The average length of a mature pink salmon is from 41 to 56 cm (16 to 22
inches), with an average weight of 1.8 kg (four pounds). Adults have large
black spots on the back, adipose and both lobes of the caudal fin. The spots
on the caudal fin are oval. The largest of these spots are at least as large
as the eye diameter.

Fry have a general silvery appearance and their backs are often deep blue
to green. A lack of parr marks easily distinquishes them from other salmon fry.
During the first three months after the fry’s entry into the ocean, they have a
silvery color common to all salmon. Pink salmon fry can also be readily dis-
tinquished by small and numerous scales, with subtle differences in scale shape,
color, and internal structure.

Spawning adult males develop an elongated and hooked snout, enlarged teeth

and pronounced hump behind the back. The back and sides of the fish become Adark,
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with green-brown blotches on the sides. Spawn ng females do not develop these

characteristics as distinctly.

Life History

In Alaska mature pink salmon begin migration to spawning streams from mid-
June to late September, usually ascending streams only short distances. In
Bristish Columbia and California some pink salmon have been known to migrate
more than 322 km (200 miles), and in Asia migrations have been reported up to
644 km (400 miles) from the sea.

In Alaska pink salmon spawn in the lower reaches of short, coastal streams.
Some prefer intertidal areas of these streams, where eggs are alternately bathed
by fresh and brackish waters. Spawning areas with medium-size gravel are pre-
ferred. Optimum stream flow is 0.03m/sec. (0.10 ft/see) or greater.

Spawning generally begins in August or September when stream temperatures
are approximately 10 degrees C (50 degrees F). Pink salmon tend to spawn earlier
in colder streams and later in warmer ones. Because pinks are smaller than the
other salmon, the nests, or redds, dug by the female are not as large. In
Southeast Alaska, redd size averages 1.1 m in diameter and 9.3 cm deep. The
egg deposition and fertilization process is similar to the other species of Pacific
salmon. The mature female usually carries between 1,500 and 2,000 eggs, which
are orangish-red in color and roughly six mm in diameter. From the time of
spawning to the fry s emergence from the gravel, less than 25 percent of the
deposited eggs surv ve. This heavy mortality is caused by digging in the redds
by other females, poor oxygen supply to the eggs, poor water circulation in the
streambed, dislodgement of eggs by flooding and scouring, freezing of eggs
during severe and prolonged cold, and predation by other fish.

The developmental period of the egg is critically affected by water temp-

erature. Hatching normally occurs from December through February. 2lcvins



remain in the grave? for several weeks and emerge in April or May. The fry
migrate downstream to estuaries immediately after hatching, migrating at night
and hiding in the gravel by day. Migrating fry generally do not feed, but if
the distance is great, they may consume larval insects.

Fry form large schools in estruarine areas, remaining inshore throughout
their first summer. In September they move into deeper water. In April and
June their principal food consists of copepods. By July increased growth
enables them to supplement their diet with larger organisms such as insects and
small fishes. In the estuaries of southeastern Alaska, fry may reach 15 to
23 cm (six to nine inches) before migrating into the open ocean.

Maturing pink salmon remain in ocean feeding grounds until the following
summer. Growth is rapid during the last spring and summer in the sea and
throughout most of the spawning migration through coastal waters.

Pink salmon reach sexual maturity when they are 14 to 16 months old and
average 41 to 56 cm (16 to 22 inches) in length. Little data concerning es-
tuarial and ocean survival is available. Evidence suggests that roughly three-
fourths of the fry entering the estuary waters die before reaching the ocean.
Of those entering theﬁocean, approximately three fourths die before reaching
sexual maturity. Predation is believed to be the principal cuase of these mor-
talities. |

Pink salmon have the shortest and simplest life history of any Pacific
salmon. With a two-year cycle, they have two genetically distinct stocks.

These stocks are called “odd” or “even” year, and are based upon the year adults
spawn. Differences in the number and size of fish in the two stocks have been
the subject of speculation for many years. In some areas of Alaska, only odd-
year runs predominate in the Frase River and in southern British Columbia.
Even-year runs predominate in northern British Columbia and the Queen Charlotte

Islands. Switches from odd-year to even-year dominance have been recorded in
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Asian streams to a significant extent. In Puget Sound and Southeastern Alaska
the odd-year runs dominate, while in Kodiak, Cook Inlet and Bristol Bay, even-
year runs are in the majority. Long-term averages in Prince William Sound
indicate a higher abundance of even-year stocks; however, odd-year stocks have
periodically sustained several years of high abundance.
The preceding description of the life history of pink salmon was
provided by: McClean, R. F. et al, 1977.
Baily, Jack E. 1969. Alaska’s fishery resource - the pink salmon.
U.S. Dept. of Int., Fish and Wildlife Service, Bureau of Comm.
Fisheries. Leaflet 619.
Clemens, W. A. and G. V. Wilby. 1961. Fishes of the Pacific coast of
Canada. 2nd ed. Bull. Fish. Res. Bd. Canada 68. 443 p.
Hart, J. L. 1973. Pacific fishes of Canada. Fish. Res. Bd. Canada.
Bull. 180. 740 p.
Hells, J. H. 1962-63. Biological characteristics of intertidal and
freshwater spawning pink salmon at Olsen Creek, Prince William
Sound, Alaska. Special scientific report no. 602. U.S. Dept.
Fish and Wildlife Serv. 1970.
Helle, J. A., Richard S. Williamson, and Jack E. Bailey. 1964. Inter-
tidal ecology and life history of pink salmon at Olsen Creek,
Prince William Sound, Alaska. Special scientific report no. 483.
U.S. Dept of Interior, Fish and Wildlife Serv. 1964.
McNeil, W. J. 1969. Survival of pink and chum salmon eggs and alevins,
page 101-117. D. W. Chapman and T. C. Bjornn, distribution of
salmonaids in streams, with specific reference to food and feeding,
page 153-176, in symposium on salmon and trout in streams, U. of

British Columbia. H. R. MacMiilan lectures in fisheries, 1969,



McPhail, J. D. and C. C. Lindsey. 1970. Freshwater fishes of north-
western Canada and Alaska, Bull. 173. Fish. Res. Bd., Canada.
1970. 381 p.

Prince William Sound Aquiculture Corp., 1975. Salmon culture program

(unpublished).
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Life History, Chum Salmon

Taxonomy

Chum salmon (Oncorhynchus keta) are members of the family Salmonidae and

sub-order Salmonidea. Chum salmon are commonly referred to as “dogs” or “dog
salmon”, This name can be attributed to the hooked snout and protuding teeth

of spawning males.

Distribution

Chums are the most widely distributed of the five Pacific salmon and
second to the pink salmon in abundance. In western North America they range
from California north to the Bering Strait and east to the MacKenzie River.

In northeast Asia they run from near Pusan, Korea, north along the Asian coast
to the Arctic Ocean. They also range west along the Arctic coast to the Lena
River of Siberia. Primarily, distribution is above latitide 46°N in the colder

waters of the subarctic region.

Physical Description

Adult churn salmon have been recorded as large as 102 cm (40 inches) in length
and weighing as much as 15 kg (33 pounds). The average is 76 cm (30 inches)
long and 3.6 kg (eight potrids) in weight. In marine waters they are metallic
blue on dorsal surfaces w th occasional black speckling. The pectoral, anal,
and caudal fins have dark tips. In fresh water, maturing chums show reddish
or dark streaks (or bars) and large blotches, with white tips on the pelvic and
anal fins. The spawning male develops an elongated, hooked snout, and its
teeth become enlarged.
Chum sa mon fry have six to 14 short parr marks that rarely extend belcw
the lateral inc. The back is mottled green, while the sides and belly are

silvery with a pale green iridescence.



Life History

From July through September, sexually mature chum salmon leave ocean
feeding grounds and migrate to freshwater spawning habitat. These habitats
may range from tidal flats of short, coastal streams to springs in the headwaters
of large river systems. The longest known spawning migration occurs in the
Yukon River, where chum salmon swim more than 2,410 km (1,500 miles) upstream
from the Bering Sea.

Spawning usually occurs in riffle areas, with gravel size comparable to
that used by pink salmon. Spawning also occurs in coarser gravel and even in
bedrock areas atop loose rubble. Chum salmon generally avoid areas where there
is poor circulation of water through the streambed. Optimum stream flow is
0.1-1.0 m/sec (0.3-3.3 ft/see). The nest, or redd, size is considerably larger
than that for pink salmon and averages 2.25 m in diameter in the Columbia River
Basin. Optimal size is considered to be 3 m in diameter.

Females produce an average of 3,000 orangish-red eggs approximately six
to seven mm in diameter. Hatching occurs from December through March. Experi-
ments have revealed that at a constant temperature of 100C (50 “F), eggs hatch
in about 50 days. Alevins emerge from the gravel from April through May to
begin their seaward migration.

When fry reach the estuary, they are usually about 3.8 cm (1.5 inches)
long. They feed near shore for several months and migrate to open sea in Sep-
tember. Growth during the first months of marine residence is rapid, with
juveniles reaching lengths of 15 to 29 cm (six to nine inches) in their first
year. The diet of maturing chum salmon is similar to that of other Pacific salmon,

Chum salmon return to spawn after spending two to four years at sea.
Counting freshwater growth, they are between three and five years old when they

Teave the ocean.



The preceding description of the life history of chum salmon

was provided by: McClean, R. F. et al, 1977.

Clemens, W. A. and G. V. Wilby. 1961. Fishes of the Pacific coast of
Canada. 2nd ed. Bull. Fish. Res. Bd. Canada 68. 443 p.

Hart, J. L. 1973. Pacific fishes of Canada. Fish. Res. Ed. Canada.

Bull. 180. 740 p.

McNeil, W. J. 1969. Survival of pink and chum salmon eggs and alevins,
page 101-117. D. W. Chapman and T. C. Bjornn, Distribution of
salmonoids in streams, with specific reference to food and feeding,
page 153-176, in symposium on salmon and trout in streams, U. of
British Columbia. H. R. MacMillan lectures in fisheries. 1969.

McPhail, J. D. and C. C. Lindsey. 1970. Freshwater fishes of northwestern
Canada and Alaska. Bull. 173. Fish. Res. Bd., Canada. 1970. 381 p.

Merell, Theodore, R. Jr. 1970. Alaska’s fishery resource - the chum
salmon. U.S. Dept. of Int., Fish and Wildlife Service, Bureau of *
Comm. Fisheries. Leaflet 632.

Prince William Sound Aquiculture Corp., 1975. Salmon culture program

(unpublished).



Harvesting Season

The theoretical duration of an aggressive commercial salmon fishery is
twelve months per year, ignoring management, climatic and technological
constraints. Such a fishery would operate in at least three phases:
oceanic, estuarine, and freshwater, with the latter being terminated

upon the advanced physiological depletion of the salmon. Maximum product.
quality would be realized in the oceanic and estuarine phases of the
theoretical fishery. Management control of the resource would be maximized
in a fishery limited to the estuarine (near-shore) and freshwater phases.
In actuality, the domestic salmon fishery is limited to two phases of
operation: estuarine and near-shore for most commercial efforts and
freshwater for subsistence fishing. This limits the commercial harvest
of salmon to no more than four months, typically mid-May through mid-

September.

The time interval of May through September also approximately coincides
with that of an “optimal” salmon fishery. An optima? fishery will be
considered for all the species being considered in this project, in
addition to salmon. Such a fishery will operate somewhat out of the
realm of current fisheries regulations and would include the following

as guiding principals:

0 Harvesting fish, whenever possible, during periods of peak
somatic or body condition. The determination of the timing for
harvest of “prime” fish would be accomplished through the
seasonal plotting of energy content. The example given is of

the American plaice, Hippoglossoides platessoides (see Figure

A.9).
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Harvesting on a maximum sustainable yield basis, but with the ©
continuation of the current trend of modifying yield levels
based on sampling of life stages and constraining environmental
factors, including ecosystem-level interactions.

Timing of harvest with market conditions.

Use of harvesting methods considered to be most efficient
providing that biotic and abiotic degradation is not a
possible outcome. In some cases, this would have the effect
of increasing the sca’ e of operations in several fisheries,
most notably the coupling of optimal harvesting equipment to

vessels of such a length and horsepower in order that fishing

could be efficiently pursued.



0 Expansion of the use of mobile processing facilities, including

the use of processing ships on the high seas.

The optimal salmon fishery would occur during periods of maximum fish
concentration. Although some stocks will be somewhat removed from the

level of peak somatic development, the concentration of runs in waters close
to the coast more than compensates for the dispersed distribution of stocks

in off-shore waters during earlier per ods in the salmon life cycles.

In spite of management efforts, the Gulf of Alaska salmon fishery has been
chronically depressed for the past several decades. Causes of decline in
natural runs are several and include the deterioration and elimination of
spawning habitat, overfishing, and the possibility of alterations in the
marine environment. Current management trends include scheduled closures
and emergency closures during the fishing season in order that escapement
goals can be reached, the opening of new spawning habitat, the revitalization
of deteriorated spawning habitat, construction of artificial spawning
channels, and public and private hatchery operations. To further accel-
erate the recovery of salmon stocks in certain situations, for example,

in the case of chinook salmon east of the longitude of Cape Suckling,
management practices will become increasingly stringent. In the case of
chinook salmon, a proposal has been forwarded for the limitation of the

traditional in-shore and off-shore troll fishery.



Causes of Fluctuation in Resource Abundance, Pacific Salmon

An examination of natural fluctuations in the abundance and avail-
ability of the five species of Pacific salmon spawning in North American
drainages will uncover a variety of proposed causes and solutions. Natural
fluctuations, occasionally of tremendous magnitude (Ricker, 1950), have
been observed and measured since the inception of the salmon fishery in
Alaskan and Canadian waters. In terms of management, the salmon and its
fluctuations have presented special problems too numerous to be adequately
dealt with here. A partial listing of major concerns would include: the
allocation of catches in high seas fisheries, the determination of the
origin of salmon in high seas and coastal Tfisheries, protection of fresh-
water habitat, securing optimum numbers of spawners, forecasting, enhancement
operations and others. The management system has undergone considerable
refinement since the early days, having evolved from simple quota systems to
sophisticated systems used in the harvesting of multiple stocks.

At one time it was generally believed that if more salmon were allowed
to escape to a particular spawning ground, increased future production would
be the result. Evidence now exists that spawning in excess of the carrying
capacity of the drainage will not increase subsequent yield, but may reduce
it (Van Hyning, 1973). The management theory in general use at present
states that for many major stocks of salmon, recruitment or the return of
future spawners is maximum at some intermediate stock size, and that the
maximum sustained commercial harvest or maximum sustained yield can be
realized when the optimum escapement is held within the range of one-third
to one-half of the unfished population equilibrium. The commercial harvest

or maximum sustained yield represents the surplus of spawners above the



optimum escapement. According to this theory, failure to remove this
surplus will result in a” decline of subsequent runs (Larkin, 1977). In the
specific example of Columbia River chinook salmon, spawning beyond optimum
escapement levels leads to a variety of difficulties including interference
in spawning due to aggressive displays, the superimposition of eggs from
multiple spawnings, spawning in marginal areas due to crowding, and others.
The outcome is a lowering of reproductive potential below levels which could
be realized with more moderate spawning and the subsequent decline of the run
(Van Hyning, 1973). As a consequence, a fluctuation has been induced which
may be repeated through a number of cycles, or over a number of years

before the run is again stabilized at optimal levels. The economic impact
of periodic oscillations can take on considerable proportions, on one
occasion providing the processing industry with too few fish and, on the
other, providing a surplus for which the industry does not have the capacity
or was in some other way unprepared.

The theory presented states that a relationship exists between the
optimum number of spawners and the number of recruits which will be harvested
in the future. Other researchers would contend that such a relationship
would be fortuitous, that the relationship is mainly that of random un-
related events (Thompson, 1962). According to this position the spawner/
recruit relationship has a number of major intervening steps representing
environmental constraining factors, including major parameters such as
freshwater temperature, predator density, the marine production cycle, and
others, all of which can be highly variable. For example, studies cor-
relating the success of fry emergence in pink salmon to future adult yield
have been frustrated by highly variable constraining factors operating in

the marine environment. A more productive study involving Fraser River



pink salmon involved relationships of various freshwater and estuarine
environmental factors, with a close correlation existing between sea surface
temperatures during a specific season and the abundance of adult salmon the
following year (Royal, et al., 1961), It is a foregone conclusion that a
multitude of factors are involved in the survival rates of a given salmon stock.
In spite of such objections, the optimum escapement hypothesis remains a
dominant management tool and provides an approximation of the relationship
between spawners and resulting recruits.

A more graphic way of presenting the nature of fluctuations in salmon
abundance is to compute the outcome of the reproductive process. Given the
average fecundity of each salmon species, along with the sex ratio, average
freshwater survival rates, and the average number of spawners involved
during various years, it is possible to estimate the number of fry entering
marine waters. Using this system, over 230 X 106 juvenile salmon could be
expected to enter estuaries of the Gulf of Alaska and Bering Sea in an *
average year and nearly 600 x 108 in a peak year (Stern, et al., 1976).

The disparity between a low year and peak year could be even greater.

Since the 1930s, Asian and Alaskan salmon stocks have gone through a
period of progressive decline. The.cause of the decline in catches may be
traced to a number of factors, some of which were previously mentioned, and
including, amegng others, harvesting at levels which could not be compensated
for by the reproductive potential of the stocks (Larkin, 1977). In addition
to lower average catches, strong periodic variations of two years in pink
salmon and four to five yearsin sockeye salmon have further increased year
to year variability. In comparison, the Atlantic salmon, Salmo salar, shows
a periodicity of ten to eleven years between peak and Tow runs (Nkiolsky, 1963).

In a summary of suspected causes, Ricker (1962) included predation in



freshwater and marine water, cannibalism, fouling of spawning grounds,
commercial and subsistence fishing practices, and food competition as
factors acting either alone or in various combinations which might be

responsible for the observed oscillations in abundance and availability.

Summary
Trend: Continued depressed catches for most species in many areas.
Causes: Degradation of freshwater habitat; historic exploitation beyond

the reproductive capacity of the stocks; and possibility of long-

term changes in the marine environment.
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Alaska Aquiculture Projects: An Overview

The fishery resource enhancement and rehabilitation projects that are
and will be conducted by both public and private entities will tend to
increase resource abundance. This section contains a brief discussion of
such projects and their potential impact on salmon harvests.

The development of salmon enhancement projects in the State of Alaska,
as well as in the other Pacific states , is distinguished by a rather dubious
history. Many early efforts, particularly in terms of hatcheries, were
frustrated by recurrent technological and biological complications, the
general result being operation that were not cost effective. However, a
number of political, economic, and biological changes with respect to
hatcheries have led to a resurgence in the view that artificial enhancement
projects of several types, under adequate management sensitive to ecological
factors, can initiate the accelerated production of a number of species,
the Pacific salmon being most notable.

The current wave of hatchery development projects, to name only one of
several types of enhancement methods, is in response to a number of factors
including:

past and continued degradation of freshwater spawning
and rearing habitat (this has been less of a probelm
in Alaska than elsewhere in the U.S.)

the possibility of marine trophic¢ level interactions
leading to decreased return of natural runs

recurrent overharvesting of some salmon resources
leading to a long-term reduction in reproductive

potential



the use of artificially propagated runs as means of ]
effectively managing short-term oscillations in pro-
ducti on
the possibility that healthy natural runs can be en- |
hanced through the introduction of hatchery fish and
other methods including spawning channels and the
use of fish passes enabling previously inaccessible q
drainages to become commercially productive.
The selection of coastal sites for most enhancement projects Is a
, product of geography and, more significantly, the target species. Although q
all salmon species are scheduled or are currently being reared in various
projects, the dominant target species are pink and chum salmon. A number of
biological considerations underlie the focused enhancement efforts on these |
two species. Among these are:
the short generation time of both species
pink salmon two years
chum salmon three to five years
accelerated smelting in both species resulting in greatly
reduced rearing time (months compared to the several
years required for other salmon species)
increased efficiency of the facility as a producer of
fry due to decreased juvenile mortality rates while
the fish are held in the facility because of the reduced
rearing time.
Although it is expected that furture efforts will be primarily concentrated on ']
these two species, hatchery developmental projects for other species of

salmon, including the hybridization of various salmon species for improved



growth and survival characteristics, and for non-salmon species such as
shrimp may also occur.

Summary of Salmon Harvest Statistics

Harvest objectives for Alaska salmon {all species):

Objective Term Harvest
Short-term 1986 49_.25 x 10° fish
Long-term 1996 70.10 x 10° fish

Current Alaska salmon harvest statistics:
- . Average harvest for years 1961-1977 (all species)
= 43.74 x 10%Fish
= 108.48 X 10°MT
Present harvest as percentage of short-term objective = 89.6%
Present harvest as percentage of long-term objective = 63.0%

Present harvest tabulated by species (in terms of average

state harvest for years 1961-1977)

Species Fish Metric Tons
Pink 24.87 X 10° 44.77 x 10°
Chum 5.03 x 10° 20.62 X 10°
Coho 1.83 X 10° 6.22 X 10°
Sockeye 11.96 X 10° 32.20 X 103
Chinook 0.45 x 10° 4.57 x 10°
44_.14 x 10° fish 108.48 X 10°MT

The short- and long-term salmon harvest objectives include harvest from
a variety of enhancement projects, either in operation, under construction,
or proposed. Projected salmon harvest generated from enhancement projects

is as follows:



Species
Pink
Chum
Coho
Sockeye

Chinook

Total harvest from
(projected)

2.50 x 10°fish
13.00 x 10°
1.20 X10°
0.76 X 10°
0.32 X 10°

17.80 x 10° Fish

Total harvest from
projects (projected)

11.28 x 10° fish
1.09 x 10°
0.44 x 10°

0.19 x 10°

0*02 X10°

13.02 x 10° fish

Total harvest @
all, enhancement
programs (projec

13.78 x 10°fist
14.10 x 10°g

1.64. X 0°

0.95 x 10°

0.34 x_ 10°g

30.81 x 10%7ish

The projected harvest from enhancement project production exceeds 40 percent ¢

of the total

long-term salmon harvest objective of 70.1 million fish.



HALIBUT

Life History

Taxonomy .

The Pacific halibut, Hippoglossus stenolepis (Schmidt), is a member

of the order Pleuronectiformes, which includes such species as flounders,
sole and brill. Until 1904 halibut were regarded as a circumpolar
species common to the Atlantic and Pacific Oceans. The Atlantic form is

now recognized as Hippoglossus hippoglossus (Linneaus).

Physical Description.

The order Pleuronectiformes is characterized by a greatly compressed
body which is somewhat rounded on the eyed side and flat on the blind side.
In young flatfish the body is upright and symmetrical with an eye
on each side of the head. Very soon a metamorphosis occurs and one eye
migrates to the opposite side of the head. Eventually, both eyes are on’

the upper or darker side. The fish then settle to the bottom and swim
horizontally.

In the Pleuronectidae or flounder family, to which the halibut belongs,
the eyes and colored surface are typically on the right side of the fish
(dextral ). The halibut mouth is large and symmetrical, with the maxillary
extending to or behind the pupil of the eye. The teeth are developed on
both sides of the jaws.

Halibut are the largest of all flatfishes and one of the larger
fishes in the world. The adult male halibut may reach 140 cm (4 feet 7
inches) in length and attain an average weight of 18.1 kg (40 pounds).

An adult female may grow to 267 cm (8 feet 9 inches). Females have been
recorded weighing 213 kg (470 pounds) at an age of 35 years or more. The

largest Pacific halibut on record was caught near Petersburg, Alaska. and



weighed 225 kg (495 pounds).

Halibut are dark brown and irregularly blotched with lighter shades e
on the eyed side and white on the blind side. By controlling the con-
traction and expansion of chromatophores of various colors, halibut and
other flatfishes have the ability to change their external shades and e
color patterns to blend in with the immediate surroundings. These changes

are activated by visual stimulation.

<

Distribution.

The species range from Santa Rose Island off Santa Barbara in southern
California to the Bering Sea, as far north as southern Chukchi Sea. They L
are also distributed about halfway between St. Matthew and St. Lawrence
Islands. On the Asiatic coast, they range from the Gulf of Anadyr in the
north and as far south as Hokkaido, Japan. Halibut are found in very 4
shallow waters and to depths of 1,100 m (600 fathoms). They generally
range between 55 to 412 m {30 to 225 fathoms).

4

Spawning.

Spawning takes place from November to Janaury along the slopes of
the continental shelf in depths from 220 to 457 m (125 to 250 fathoms). (

Fecundity in females is proport onate to the size of the fish. A
large female of 63.5 kg (140 pounds) may have as many as 2.7 million eggs.
The eggs, or ova, are about 0.318 cm (1/8 inch) in diameter and bathype]agic,‘
being laid and fertilized in proximity to the bottom, but subsequently
drifting in the middle to upper water levels. The eggs and larvae drift
passively with the ocean currents at depths down to 686 m (375 fathoms). (
As development proceeds, they gradually rise toward the surface and drift

into shallow water with the inshore surface currents.



The germinal disc of the egg goes through the normal processes of
cell division to form the embryo that lives off the yolk. The yolk com-
prises the main mass of the egg. Eggs hatch after about 15 days, with
the larvae living off nourishment from the yolk sac. After absorption of
the yolk, post-larvae must depend upon the external environment for their
food . As with the eggs, the larvae and post-larvae continue to be free
floating. They are transported many hundreds, if not thousands, of miles
by the westward moving ocean currents.

The free floating stage lasts about six months. After rising to the
surface water layers, they tend to be propelled by the prevailing winds to-
ward the shallower sections of the continental shelf. The larvae undergo
metamorphosis and begin their bottom existence as juvenile halibut far
from the spawning grounds. Thus, the floating eggs, developing larvae and
the post-larvae are dispersed far westward from the points where they were
produced.

With advancing size and age, the young halibut move into deeper water.
Fema "es grow faster than males. The age of sexual maturity in females is
from 8 to 16 years, averaging about 12 years.

Tagging operations have shown that immature halibut move within very
restricted areas, whereas mature fish may migrate extensively to and from
the spawning grounds. Halibut have been known to migrate as far as 3,220 km
(2,000 miles).

Halibut prey on a variety of animals, and their diet changes with
age, season and area. Juveniles feed considerably on small crustaceans
and shrimp. Qlder fish shift more to a fish diet, particularly of

flounders (Novikov, ?964). Among flounders, yellowfin soie (Limanda

aspera) js the halibut's principal prey in the southeastern Bering Sea.

e~ e



Harvesting Season

The northeast Pacific halibut fishery is theoretically capable of
supporting a year-around fishery. However, management and climatic con-
straint has restricted the fishery to a regulated season extending generally
from May through September. Safeguarding spawning concentrations has been
a factor in the seasonal closure of the fishery. Although the halibut is a
highly fecund fish, little attention has been made in the literature to the
flesh quality of gravid and spent fish. This factor apparently is not
significant in terms of the annual closure of the fishery.

The optimal fishery for halibut would occur during the late spring and
early to mid-summer seasons. This period coincides with both the time of
maximum concentration in terms of depth of distribution as well as the time

of prime somatic condition.

Causes of Fluctuation in Resource Abundance, Pacific Halibut

Annual catch and catch per unit effort patterns of the Pacific halibut
indicate periodic oscillations since shortly after the turn of the century.
Whether these flactuations are reflective of changes in the absolute
abundance or in the availability of the species due either to changes in
distribution or the efficiency of fishing gear is largely a matter for
conjecture. It is apparently the contention of the International Pacific
Halibut Commission that the indicated fluctuations are primarily the result
of fishing pressure and that alterations in the biotic and abjotic environ-
ments have been secondary factors chiefly applicable to short term changes

in the stocks (Bell, et al., 1958).
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The briefest review of halibut catches would indicate a period of
rapid decline from 1915 to the early 1920s, a period of increase from 1926
to 1936, rapid increase from 1936 to 1944, followed by a period of dis-
continuous decline to present. The Pacific halibut stocks in IPHC sta-
tistical areas 2 and 3 are currently at low levels of absolute abundance.
Early researchers of halibut fluctuations concluded that the abundance
patterns followed periodic environmental events, possibly involving over-
wintering conditions. These studies forwarded the hypothesis that catches
reflected the prevailing winter water temperatures 10 to 15 years prior to

the actual catch. Higher winter water temperatures, following this vein,

were favorable to larval development during the time of drift, increasing

i



juvenile survival and ultimately increasing recruitment (Ketchen, 1956).
Correlation between temperature anomalies and strong year-classes Was the
tentative conclusion of later researchers with for areas 2 and 3, respectively
(Bell, et al., 1956). Much of this evidence has been contested by Bell due o
to the lack of strong statistical proof.

A characteristic of Pacific halibut in the Gulf of Alaska has been the
appearance of year-classes of various strength which have exerted short
term effects on yield. The irregular appearance of unusually strong year-
classes as well &s other variations in year-class strength have generally
been attributed to factors other than fishing (Bell, et al., 1958). The
exclusiveness of this hypothesis has been challenged in recent years (Skud,
1977).

A review of the life history of this species indicates that a migra-
tory circuit is involved and includes specific spawning grounds, a period
of larval drift, nursery grounds, regular feeding grounds, and active *
contranatant movement to compensate for the initial drift. The possibility
exists, then, that a variety of environmental events are capable of per-
turbing this series of life history events through long or short term
environmental changes. Current systems are subject to change and might
result in the unfavorable distribution of eggs and larvae into deep off-
shore waters including the Alaska Gyre. Year-class variations would be
the outcome of variations in distribution, the most favorable distri-
bution being the placement of large numbers of larvae on the continental
shelf following metamorphosis (Skud, 1977). Increased winter temperatures
would accelerate development of larvae and, as a consequence, decrease the
period of larval drift and decrease the effects of grazing by pelagic

predators.



The migratory patterns of tagged juvenile halibut indicate extensive
compensatory movements in terms of the initial larval drift. Significant
numbers of tagged fish released in statistical area 3, the western Gulf of
Alaska, have been recovered to the southeast iIn area 2. Similar movements
from statistical area 4, the Bering Sea, to area 3 have also been reported,
indicating qu' te possibly a strong trend in the migratory circuit of this
species that s a gradual return to original spawning locations or some
approximation thereof. The obvious inference is that the incidental catch
of juvenile halibut will ultimately influence the traditional fishery of
adult halibut to the south. The heavy concentration of foreign trawl
effort in IPHC statistical areas 4 and 3 with the resulting incidental
harvest of juveniles less than 65 cm in length, for which the trawls have
been shown to be selective, have ultimately influenced yields in areas 3
and 2. This series of events, coupled with fluctuating biotic and abiotic
environmental factors serve as a partial explanation to the very low levels
of abundance currently experienced in statistical area 2. The effects of
fishing in one area cannot be considered to be independent of future events

in another area (Skud, 1977).

sSummary
Trend: Chronic decline to current low levels of abundance.
Cause: Primary cause of decline is the incidental capture of juvenile

halibut by year-around trawl fisheries. Previous to the period
of intensive trawl fisheries, the apparent primary factor deter-
mining abundance was. environmental in nature. Prognosis for
future is for stabilization and increase in abundance through

protection of juvenile stocks.
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PACI FI C HERRI NG

Life History

Taxonomy.

The Pacific herring is a member of the order Clupeiformes. Its family,
Clupidae, is characterized by an elongated, compressed body. In general,
all Pacific herring have similar characteristics, but minor differences may

exist between the herring in Alaska and those in other areas.

Physical Description.

The species can grow to lengths of 330 mm (13 inches), but an average
large specimen is 230 to 250 mm (nine to ten inches) long and weights about
0.15 kg (1/3 pound). They are bluish-green dorsally and silvery on the
ventral side, having relatively large scales. Herring are fast swimmers and
occur in schools of up to one million or more fish. They feed principally on
planktonic crustaceans and store large quantities of oil in their bodies.

The common maximum life is about nine years, although some fish may live more
than 15 years. They attain sexual maturity in their third or fourth year of

life and spawn each year thereafter.

Distribution.

Pacific herring occur all around the North Pacific rim, in the Bering
Sea and along the shores of the Arctic Ocean. In Alaska the largest com-
mercial quantities occur around Kodiak Island, Prince William Sound, and in
much of southeastern Alaska. Recent developments in fishing techniques and
gear have resulted in the discovery of additional concentrations of Pacific
herring in the Bering Sea, where thousands of tons are now taken annually by

Soviet and Japanese trawlers.



Life History.

The life history of Pacific herring from the time adults spawn until
the developing juveniles move from inshore waters is well documented, but
little is known about what occurs in the two and one-half years while
herring are maturing.

Adult Pacific herring usually mature at about age three or four years
in Alaska at a size of about 150 to 200 mm. However, this may vary somewhat
between areas. Spawning occurs throughout the spring months, late April
through mid-June, and slightly earlier in more southern areas. Water
temperatures appear to be one of the main factors that influence spawning
timing, and spawning usually begins when water temperatures reach approxi-
mately 4.17° to 4.44°C (39.5° to 40.0°F).

A female can produce about 10,000 eggs when she is three years old, and
as many as 59,000 when she is eight. The older and larger females produce
more eggs than the younger ones, but approximately 20,000 eggs per spawning
is average. The eggs are adhesive, and the female deposits them on solid
surfaces rather than broadcasting them loosely in the water. The generally
preferred surface for spawning is living plants. Those plants most often
used are eel grass (Zostera), rockweed (Fucus).and girdle (Laminaria).

A spawning female makes physical contact with the substrate and
deposits her eggs in narrow bands upon it. The male herring does not pair
off with any particular mate, but wanders among the spawning females, ex-
truding milt (sperm) at random. The thousands, or perhaps millions, of
fish spawning on a beach usually product so much milt that the water becomes
discolored.

A heavy spawning does not always result in more adult herring. In

some cases, mortality caused by crowding of the eggs may actually produce



fewer young herring than more moderate spawning. Moreover, if many of
the eggs of a heavy spawning hatch successfully, high mortality may
result as the millions of larvae compete for.a limited food supply.

The eggs of the Pacific herring are small (1.0 to 1.5 mm in diameter).
They are spherical, slightly heavier than seawater, and adhesive. The
incubation time is governed by the temperature of the water, and ranges
between 12 and 20 days. Higher temperatures accelerate development. Even
under ideal conditions, millions of eggs fail to hatch and mortalities in
the egg stage can range from 50 percent to as high as 99 percent. During
the incubation period, eggs laid with in the intertidal area are alternately
exposed and covered by tides. In warm weather, great numbers of eggs may
dehydrate and die when exposed by low tides. Severe mortality may also
result from coastal storms if the egg-covered ell grass or kelp is torn
from the bottom and cast up on the beach. The alternating exposure and
covering of the eggs by the tide makes them available to both aquatic and
terrestrial predators.

Upon hatching, a larva receives nourishment from a small quantity of
yolk that remains in the egg. When the yolk has been utilized the larva
begins to feed. The herring larva is almost transparent and about six mm
(1/4 inch) long. The transition from yolk subsistence to active feeding
is perhaps one of the most critical periods in the herring’s life. If
water currents are unfavorable, thousands of larvae may be swept out to
sea or to areas without proper food. The larvae are constantly exposed to
predation by marine animals such as arrow worms, comb jellies and other
fish.

The change from a larva to a scaled juvenile takes place from six to

eight weeks after the egg is hatched. At this stage the herring is



approximate 65 mm (2 1/2 inches) long. The young collect in small schools
and gradually move seaward toward the mouths of bays and inlets in which
they were hatched. By early fall they are about 100 mm (4 inches) long and
consolidate into large schools of perhaps one million fish or more. Most of
the schools move into deep or offshore water by late fall. They return
two and one-half years later as mature adults ready to spawn for the first
time.
The preceding description of the life history of Pacific herring was
provided by: McClean, R, F., et al., 1977.
Clemens, W. A., and G. V. Wilby. 1961. Fishes of the Pacific coast of
Canada. 2nd ed. Bull. Fish. Res. Bd. Canada 68. 443 p.
Hart, J. L. 1973. Pacific Fishes of Canada. Fish. Res. Bd, Canada.
Bull. 180. 740 p.
McPhail, J. D. and C. C. Lindsey. 1970. Fresh water fishes of northwestern
Canada and Alaska. Bull. Fish. Res. Bd. Canada 1973. 381 p.
Reid, Gerald M. 1972. Fishery facts - 2, Alaska’s fishery resources -
the pacific herring. U.S. Dept. Comm., NMFS, U.S. Government

printing office, Washington, D. C. 20 p.

|94
F



Harvesting Season

The fishery for herring is largely restricted to those times and
places where the fish have become concentrated into spawning aggregations.
Although some successful winter fisheries have existed due to the presence
of concentrations, feeding or otherwise, the Alaskan fishery is largely
restricted to the late-April through mid-June period because of economic
rather than management constraints. A further factor complicating the
timing of the current fishery is the need to harvest the fish at the proper
degree of ripeness for the sac roe market. Product quality is acceptable
only in a relatively limited time span.

Due to the apparent diffused distribution of adult stocks in neritic
and oceanic waters, the timing of the optimal fishery for herring would
coincide with that of the traditional commercial fishery. The somatic
condition of the fish is not prime at this time; however, this is of little
concern because of the concentrations found at the termination of spawning
migrations and because of the value of genital products which are either

approaching or at prime condition during all but the end of this period.

Causes of Fluctuation in Resource Abundance

The clupecid fishes, of which the Pacific herring is a member, are a
dominant commercial species in world fisheries due to their extreme abundance.
The dynamics of abundance are largely determined by trophic relationships,
the closer the feeding pattern to the sources of primary production, the
greater the inclination towards abundance. The clupeoids are generally
filter feeding and particulate feeding plankton consumers, the herbivores

of the sea, and are positioned approximately 1 to 2 trophic levels away



from the primary producing phytoplankton (Murphy, 1977). The only excep-
tion to this feeding behavior are northern herrings which will accept
larger particles when such food is in abundance. It has been reported that
adult Pacific herring will consume pink salmon fry (Gilhausen, 1962)., The
herring is a major forage fish representing a key link in the marine food
chain and, as such, experiences high mortality rates particularly during
pre-adult stages (Murphy, 1977).

The world herring fishery is notable for great fluctuations in catch
which in turn are reflections of abundance and availability. These fluctu-
ations have been classified as short and long-term, representing time
intervals of 3 to 7 and approximately 85 years, respectively (Ayushin,
1965). Fluctuations in herring stocks are the results of a number of
factors including the magnitude of environmental change, the range in age
at recruitment, the frequency of strong year-classes, the number of exploited
age-groups in the adult population, shifts in the area of recruitment, and
reduced recruitment caused by Ffisheries on immature herring (Ziglstra, 1963).
From this, it can be deduced that the abundance of a herring stock is
dependent on the frequent appearance of strong year-classes and availability
is largely the result of the recruitment of strong year-classes into the
stock being exploited rather than another more remote stock. The abundance
of a herring stock has been found most constant in those cases where a
particular stock is composed of a number of semi-isolated spawning units
with differences in timing and location, the outcome being a buffering of
short term fluctuations in recruitment and, ultimately, in abundance
(Hempel, 1963).

In terms of the population dynamics of this species, the parameters of

abundance are fecundity (reflective of growth), longevity (reflective of



the number of potential spawning), and the age at maturity (Murphy, 1977). e
The stability of a stock is dependent upon the balancing of combined mortality
factors, including environmental, predator and fishing effects, with the
reproductive potential of the fish. Exceeding this reproductive potential .
would seemingly suggest the collapse of a fishery, however, due to a
suspected feedback loop in the reproductive physiology of the species,
stress may lead to a number of effects including accelerated growth, earlier
maturation, and increased fecundity. The overall effect would be the rapid
stabilization of stock abundance assuming that environmental factors remain
favorable and intense exploitation has been suspended. <
The abundance and availability of herring are primarily the result of
constraining biotic and abiotic environmental factors. It iIs a perverse
characteristic of clupecids in general to have very wide variations in re- q
cruitment, the size of year-classes being for all practical purposes in-
dependent of a wide range of spawning stock sizes (Murphy, 1977). This ‘char-
acteristic is largely the product of environmental factors which, among P
other things, determine the survival of the adhesive egg masses and the
larvae, the size and age of recruits, migratory patterns, and the segre-
gation of recruitment among various semi-isolated stocks, with the overall
effect of environmental constraints being the establishment of short and
long-term fluctuations (Hempel, 1963). Herring stocks inhabiting waters
near the extremes of their normal distribution are particularly sensitive q
to fluctuations in climate, some Alaskan stocks being included in this
category. However, in most cases, the collapse of the stock has been
observed when the population was also heavily fished (Murphy, 1977). (
The biological reasons for the appearance of strong year-classes is

largely a matter for conjecture since the correlation of an infinite



variety of hydrographic and biotic conditions in the water masses with
survival data is a difficult statistical process (Murphy, 1977; Hempel,
1963). In the northwest Pacific, short and long-term fluctuations are
believed to stem from changes in the major current systems, particularly
the Karoshio current. Increased year-class abundance tends to coincide
with the weakening of this system (Ayushin, 1965). The influence of the
climate in the Gulf of Alaska will be included in a part of this section.

In addition to influencing the abundance of herring stocks, hydro-
logical conditions also influence the distribution of stocks both hori-
zontally and vertically within their natural range of distribution and
effects the availability of the stock to the commercial fishery. Herring
tend to keep to waters which closely approximate optimum conditions, parti-
cularly in regard to temperature (Nikolsky, 1963; Shulman, 1962). The
conditions of the water masses tend either to concentrate the herring
population into discrete schools or to disperse them in more diffuse
aggregations. The occurrence of optimum physical conditions in deeper
layers during spawning migrations particularly in coastal waters might have
the effect of placing the herring population beyond the vertical range of
harvesting methods. Moreover, because Pacific herring stocks do not
necessarily spawn at fixed locations | environmental change can alter
migratory circuits with a corresponding alteration in spawning locations,
a potential complication in a commercial fishery (Uda, 1961),

A primary determiner of future abundance of herring is hatching success
and larval survival, events under the control of an array of environ-
mental factors. The Pacific herring spawns in intertidal to slightly

subtidal locations at selected spawning locations, the overall timing



following a latitudinal cline extending from December in California waters
(San Diego) to June (St. Michael, Alaska) and beyond in Alaskan waters
(Rounsefel 1, 1975). Spawning occurs within a certain range of water
temperatures, and because of the progressive seasonal warming of waters
into the optimal range, it i’s possible to follow the spawning of individual
herring stocks as one moves from south to north. The advantages of inter-
tidal spawning of Pacific herring over the deeper, benthic spawning of
Atlantic herring are not clearly understood although somewhat reduced pre-
dation on egg masses is suspected to be a factor (Murphy, 1977). Other
determiners of spawning success irregardless of location include the con-
ditions of spawning and development, and the quantity and quality of spawn.
Both quantity and quaivty oT the reproaudctive proaucts are large y the
result of the age composition of the stock, older fish generally being more
fecund and laying eggs of higher quality, and the feed ng conditions faced
by the parent stock in the preceding season (Nikolsky, 1963).

The influence of water temperature on the hatching success, larval
survival and the future abundance of adult herring.has several effects.
Studies of herring from Prince William Sound indicate higher survival
when March to June water temperatures were warmer than usual. Warmer
temperatures have the effect of accelerating embryonic development and
shortening hatching time, thus increasing survival by decreasing the
exposure time to intense terrestrial (bear and waterfowl, particularly
black brant) and marine predation. Increased temperatures may also have
the secondary effect of enhancing primary production in nursery areas and
alleviating the stress associated with the transition of larvae to active,

particulate feeding (Rounsefell, 1975). Improved feeding conditions, in



turn, would lead to rapid growth and the rapid passage of the juvenile
herring through the specific feeding ranges of numerous predators (Cushing,
1973). One possible negative aspect of heightened temperatures is that at
the time of particularly copious spawning, when numerous layers of eggs are
present on the available substrate, increased respiratory need is..suspected
to lead to the suffocation and subsequent decomposition of the innermost

1 ayers. This would cause the still viable egg mass to break free and pass
into a current system and to an unknown fate.

The period of larval drift and the development of herring stocks tend to
coincide with the timing of the production cycle, an event which itself is
the product of 1light, nutrient and temperature regimes. The coincidence
of the transition to active feeding with the presence of appropriate food
particles has the overall effect of enhancing survival and increasing the
probability of a largertthen normal brood stock (Cushing, 1973). The
actual quantification of changes in the matching of juvenile herring to the
food supply is difficult, particularly as it applies to underlying regimes.
However, Laevastu (1978), via computer modeling has estimated that in the
eastern Bering Sea a winter temperature anomaly of 0.8°C. has the effect
of 10,300 MT (11,300 tons) of annual herring catch increase or decrease
depending on whether increased or decreased temperatures are involved.

It was also estimated that a change in catch of 10,300 MT (11,300 tons)
was equivalent to 90,700 MT (100,000 tons) annual biomass change.

Herring stocks also demonstrate fluctuations in terms of the presence
or absence of competitors for food resources (Murphy, 1977), as well as the
relative abundance of predators. Reduction of competitors and predators
might well lead to the increased abundance of herring stocks. As previously

mentioned, the clupeoids represent a major, if not dominant, forage species.
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As a consequence, natuéal mortality may be extremely high and approach the
maximum compensatory powers of the species reproductive potential. The
gamut of predators would include whale stocks and other marine mammals,
sea birds and carnivorous fish. It has been theorized that natural pre-
dators in stable ecosystems, like their human counterparts, tend to maxi-
mize the yield from their prey populations (Slobodkin, 1962). This would
suggest that some stocks, such as the Peruvian anchovy, were yielding near
the maximum before the inception of Fishing (Murphy, 1977). 1%t would also
suggest that the harvesting of competitors and predators, many of which are
traditional fisheries species, would decrease herring mortality, parti-
cularly of juveniles (Hempel, 1963).

In terms of the harvest of juvenile and adult herring, apart from
environmental considerations, the annual consumption of herring by marine
mammals, including toothed whales and pinnipeds, is estimated to be 10 times
the annual catch (Laevastu, 1978). The annual consumption by carnivorous
fishes is apparently even larger, with an inverse relationship between
pollock and herring biomass in the eastern Bering Sea being suggested by
Laevastu. Therefore, taking predation into account, it has been suggested
that long and short-term changes in the abundance of pollock, marine mammals,
and other predators would induce reverse fluctuations in the herring stocks
involved. In the management of herring stocks, including the computation of
maximum yields, the state of predator stocks needs to be considered and the
need for a unified management body is inferred.

The commercial fishery for herring in the Gulf of Alaska and #n British
Columbia waters has shown considerable variations in annual catch patterns;

although whether these variations are due to changes in abundance OF



availability is not clear. Heavy natural mortality is a factor, particularly
with regard to the operation of offshore current systems produced by north-
easterly winds. The effect of such currents would be to displace larvae to
inhospitable oceanic regions, an effect not limited to herring alone

(Uda, 1961). It has been concluded that the commercial fishery in this
region has a considerable influence on the age structure of the stocks
which, in turn, influences the dynamics of the species during periods of
environmental fluctuation. Commercial harvesting has maximum impact on
stocks when heavy fishing pressure i: placed on stocks already depressed
due to adverse environmental factors {Ayushin, 1965). Apparently, the rapid
recovery of British Columbia stocks 's the product of stable environmental
factors, drastically reduced fishing, and the absence of ecologically
similar competitors (Murphy, 1977).

The conclusion reached here is that a commercial fishery has the
effect of removing old, mature fish from the stock. The less intensive’
methods of fishing previous to current methods probably were not capable of
overfishing stocks inhabiting hospitable water masses. More advanced
methods including offshore trawling have reduced the margin of error to the
point where it is possible to overfish healthy herring stocks (Ayushin,
1965). Changes which signal the impending decline of a stock include: the
restriction of spawning time and location, increased growth rates, and
accelerated maturity (Murphy, 1977). The characteristic shrinking ¢f range
with declines in abundance of a herring stock has the potentially disastrous
implication, in the absence of effective management, that the fishing
fleet can be expected to concentrate on the remanant concentrations, in-

flicting even higher than usual mortality (Murphy, 1977). Herring



fluctuations are, consequently, the product of a complex array of biotic,

abiotic, and artificial factors.

Summary

Trend: British Columbia -- recovery. Northern Gulf of Alaska -
moderate levels of abundance. Eastern Bering Sea - abundant.
Northern Bering Sea -- decline.

Cause: Complex array of physical factors and predators working at each

life stage. Fishing pressure implicated in the decline of several

stocks previously weakened by adverse environmental factors.



GRCUNDFISH

The groundfish fishery in the Gulf of Alaska has been almost entirely
a foreign fishery. The foreign fleets are self-contained units and have had
no direct impact on Alaskan communities. Interest is growing in the develop-
ment of a domestic groundfish industry and under the provisions of the
Fisheries Conservation and Management Act of 1976, the domestic industry
has been given the right to displace the foreign industry as rapidly as it
can. The groundfish resources that will become available to the domestic
industry as it develops will include Pacific pollock, Pacific cod, sablefish,
Pacific Ocean perch, various species of flounder and other species. The
first four species are either the dominant species or are representative
of the dominant groups of groundfish in the Gulf of Alaska. Life histories

are only provided for these four dominant and/or representative species.

Life History, Pollock

Taxonomy.

The walleye or Pacific pollock, Theragra chalcogramma (Pallas), is

a member of the family Gadidae. In common usage, it is also often called

the “whiting” or "bigeye" pollock.

Physical Description.

The adult polliock is recognized by (1) three well-separated dorsal
fins, (2) anus below the space between the first and second dorsal fins, (3)
a minute or no barbel on the lower jaw, and (4) a slightly projecting lower

Jaw.



Scales are small and cycloid, with the lateral line canal arching

[}
high anteriorly then sloping down to mid-body below the middle of the
second dorsal fin. Adults are olive green to brown on the dorsal surface,
silvery on the sides, and dusky to black on the fins. In juveniles, two
(occasionally three) narrow, 1 ight yel low bands are present along the sides.
Length may reach (three feet) 91 cm.
[ )

Distribution. *

Several populations of Theragra_have been recognized as species or
subspecies around the North Pacific Basin. Analysis led to the conclusion
that such distinctions are not justified. In this account, only one species
is recognized. Accordingly, the range is from Carmel, California, through
the Bering Sea to St. Lawrence Island and on the Asian coast to Kamchatka, ,
Okhotsk Sea and southern Sea of Japan. Centers of abundance lie off Japan,
Korea, the Kamchatka Peninsula, the eastern Bering Sea and in the western
Gulft of Alaska. P

Pollock inhabit the waters of the continental shelf and upper slope
from the surface to depths of 366 m (200 fathoms). At 366 m (200 fathoms),

it is suspected to be bathypelagic.

Life History

There is no apparent sexual dimorphism in pollock. Chang (1974) stated

q
that size and age of maturation of pollock is closely related to the rate of
growth and environmental factors.” Krivobak and Tarkovskaya (1964) reported
that female pollock from the southeastern Bering Sea attained sexual q

maturity at 40 cm and males at 32 cm. Serobaba (1971) reported that pollock
from the same area reached maturity at lengths of 31 to 32 cm (three to

four years of age), but that mature individuals were encountered at lenaths P

of 24 cm. R



Spawning is protracted, occurring between March and mid-July, peaking
in May for Bering Sea stocks. Fertilization is external. The fertilized
egg is planktonic and occurs at depths of 13 to 300 m, but rarely at greater
depths. Eggs and larvae inhabit near-surface waters, but juveniles exhibit
a distinct vertical movement, rising to the surface at night to feed and
descending to mid or bottom depths during the day (Kobayashi, 1963).

Yusa (1954) and Gorbunova (1954) described and illustrated the develop-
ment of eggs and larvae of pollock. Yusa's work indicated that larvae
hatched in 12 days at incubation temperatures of 6° to 79C. Gorbunova
reared pollock eggs at average temperatures of 3.4°C (range 0° to 11.59C),
and 8.2%C (range 2.0° to 12.29C). The development took 20.5 days at the
lower mean temperature and 10 days at the higher temperature.

Hami, et al., (1 971) studied the effect of temperature on the growth
and mortality of early stages of po lock. These workers obtained the

following relationship between deve opment and temperatures:

log I/t~ m 1+ C, where
2T
t = time in days required for the eggs to reach a certain
stage

T = the average absolute temperature
m = Arrhenius temperature characteristic (“Absolute)
c = constant
The incubation time from fertilization to 50 percent hatching
was 10 days at 109C, 13.8 to 14.4 days at 6°C and 24.5 to 27.4
days at 2°C.
According to Gorbunova (1954), newly hatched larvae (eggs incubated
at 8.29C) were 3.5 to 4.4 mm in length and apparently float upside down at
the surface of the water due to the buoyancy of their large yolk sac (Yusa,

1954). The yolk sac is absorbed at about 7.0 to 7.5 mm. The actual time

from hatching to transformation to the juvenile phase is not known, but



according to Gorbunova (1954), pollock become demersal at lengths of 35 to
50 mm and reach 90 to 110 mm in the first year of life.

In the eastern Bering Sea, the growth of pollock is relatively rapid
during the first four years of life. By age one pollock are about 170 mm
long. From age one to four they may grow an average of 80 mm per year.
Beyond age four, the growth rate is much reduced.

After yolk sac absorption, larval pollock of seven to ten mm in length
feed on diatoms, copepod eggs and nauplii. As the larvae grow, they feed
primarily on zooplankton, and by 20 to 35 mm feed mainly on copepods. At
35 to 50 mm, pollock feed on pelagic copepods and euphausiids. Such
organisms dominate stomach contents at least until pollock reach 117 mm in
length (Gorbunova, 1954). Adult pollock feed on a variety of organisms,
but predominant food items include pelagic or semi-pelagic crustaceans,
particularly euphausids, copepods and amphipods. Takashashi and Yamaguchi
(1972) observed that young pollock (zero to one year old) may constitute
over 50 percent of the stomach content of pollock over 50 cm in length.

The preceding description of the life history of Pacific pollock was
provided by: McClean, R. F., et al., 1977.

Change, S. 1974. An evaluation of eastern Bering Sea Fisheries for Alaska

pollock (Theragra chalcograma, Pallas): population dynamics.
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Harvesting Season, Walleye Pollock

The walleye pollock is theoretically and currently a twelve month
fishery. This fishery involves both mid-water and bottom-trawls and is
regulated by the North Pacific Fishery Management Council. Major con-
straints on bottom-trawling, depending on depth of operation, include low
allowable incidental catches of halibut among other considerations. The
closure of this Tfishery due to the incidence of halibut beyond established
Tevels is consistent with that experienced by other bottom-trawling
fisheries and is under the regulation of the above-mentioned council. The
quality of pollock has been considered to be somewhat lower than that of
the Pacific ocean perch, thus the concentrated fishing on and depletion of
this latter species. The decline of the perch and the apparent increased
abundance of the pollock will undoubtedly lead to increased harvest pressure
on the pollock, the fishery operating on a twelve month basis.

An optimal fishery for this species would occur from late summer
through the fall months. This period coincides with the commencement of
rapid somatic buildup following spawning, although actual depletion of
somatic reserves might be minor during dametogengsis. The bathymetric

distribution of the species is relatively restricted at this time.

Causes of Fluctuation in Resource Abundance, Walleye Pollock

The evolution of the demersal fishery in the Bering Sea and the Gulf
of Alaska has demonstrated a continuous advance through a number of species
including cod, halibut, yellowfin sole, Pacific ocean perch and, currently,
the pollock. As of 1973, the combined catch of pollock accounted for 30

percent of the tota? catch of a marine species in the Bering Sea and the



northeastern Pacific (Kasahara, 1973). While the eastern Bering Sea
remains the principle fishing area, substantial quantities are also present
in the Gulf of Alaska. Although reliable initial abundance information is
not available for these regions, it is believed that this species is on the
ascendance.

The rise of the pollock in the northeastern Pacific comes at a time
when other heavily exploited species, particularly the Pacific ocean perch,
are being fished down to low levels of abundance. The fish species in-
volved are zooplankton feeders for at least a portion of their life histories,
the inference being that pollock is acting as a replacement species (Kasahara,
1973). The developing course of events is perhaps reminiscent of replacement
of the California sardine by the anchovy (Cushing, 1975). The phenomenon
of species replacement includes the placement of some original species in
the position of being subjected to heavy commercial exploitation and,
simultaneously, with environmental change which results in chronic year-
class failure. Another species, previously in a suppressed state, but with
a more rapid recycling time and positioned at essentially the same trophic
level then can increase exponentially until the carrying capacity of the
environment is reached. Replacement of one species, the Pacific ocean
perch, by another, the pollock, is a possible outcome. A possible sub-
stantiation to this possibility lies in the fact that at least three strong
year-classes have occurred in the Gulf of Alaska during the past decade,
one of which, 1970, was exceptionally strong.

Fluctuations in pollock abundance are largely dependent on the number
of juveniles recruited into the older age groups while changes in the

availability of pollock largely involve the dispersal of juveniles and



complex hydrological factors. The size of the juvenile population is, in
turn, dependent upon many of the same parameters as seen in other species
including age at maturity, fecundity, quality of spawn, larval drift, and
related mortality factors. One of the major factors suppressing the
juvenile year-classes is grazing by predators, including sablefish, and
cannibalism by adult pollock. It is estimated that the adult population
gains 50 percent of its food requirements by this pathway (Laevastu, et
al., 1976). The intensity of cannibalism, however, is dependent upon the
size of the adult population, being most intense when the adult population
is large. The resulting cycles of intense cannibalism and low recruitment
of juveniles durihg peak adult biomass moving to rapid juvenile growth and
recruitment during periods of low adult biomass gives rise to periodic
fluctuations in adult abundance with peaks occurring approximately at
intervals of 12 years.

The tendency for wide fluctuations in abundance is reduced by several
factors when the population is exposed to heavy commercial exploitation.
The present fishery, by cropping the older age-groups, decreases juvenile
mortality via cannibalism and also decreases grazing mortality by the
adults of other species taken incidentally. Decreased mortality in this
scenario gives rise to increased recruitment and the eventual return of the
adult biomass to preharvest levels. Another stabilizing factor is that for
at east part of the year the juveniles are distributed in areas containing
1 Ow adult concentrations, resulting in decreased cannibalism (Laevastu, et
al . 1976). A third stabilizing factor tending to keep poilock abundance
within a restricted range deals with the pattern of depth distribution of
the juveniles, a pattern which limits the accessibility of the juveniles to

trawls (Alton, et al., 1976).



Summary

Trend: Increase in abundance.
Cause: Replacement of less dominant species which have been driven to low
levels of abundance by overfishing. Availability may be expanded

by dispersal of juvenile pollock to areas of low abundance.



Life History, Pacific Cod

Taxonomy.

The Pacific cod (Gadus macrocephalus) is a member of the family

Gadidae and the order Anacanthini. The scientific name Gadus macro-
cephalus is derived from the Latin gadus (codfish) and the Greek macros
(large) and cephalos (head). Common usage may continue to refer to
this species as “plain” cod, “gray” cod, or “true” cod to distinguish
it from the other species currently referred to as varieties of cod.

Other members of the family Gadidae are: the” whiting (Theragra chalco-

grammus), pacific tomcod (Microgadus proximus), and longfin cod

(Antimora rostrata).

Physical Description.

The Pacific cod has a brown to gray coloration on the dorsal surface,
shading into lighter hues on the ventral surface. Brown spots are numerous
on the back and sides, and are more or less dusky on the fins. The outer
margin of all unpaired fins is white, and the white becomes wider on the
anal and caudal fins. The Pacific cod is noted for three separate dorsal
fins, with the anus below the second dorsal fin. The barbel below the lower
jaw is as long or longer than the eye. This species may attain lengths up

to 99 cm (three feet three inches),

Distribution.

Pacific cod are mostly benthic, but are occasionally taken in quite
shallow water. They have been caught at depths up to (300 fathoms) 550
meters. The species ranges from Santa Monica in southern California

through Alaska and the Bering Sea to the Chukchi Sea. On the Asian side,
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they are distributed past the Kuril Islands to Kamchatka, Okhotsk Sea,
Sea of Japan, off Honshu, Korea and in the Yellow Sea to Port Arthur.
Toward the southern part of its center of abundance, cod occur in

temperatures throughout the year between 6° and 9°C.

Life History

Spawning takes place in the winter. The eggs are slightly more than
1 mm in diameter and show no oil globule. The eggs are pelagic and slightly
adhesive. They hatch in eight or nine days at 11°C and in 17 days at 5°C,
but will take about four weeks at 2°C in northern waters. The hatching
period for a batch of eggs lasts over several days. Egg survival is high
at 5°C. Newly hatched larvae are approximately 4.5 mm in length. At SOC,
the yolk sac is absorbed in about 10 days. Young about 20 mm in length
have been found to eat copepods.

The female cod is sexually mature at approximately 40 cm of body °
length and two to three years of age. The length at which 50 percent of
the females are sexually mature is 55 centimeters (Foerster, 1964). Half
the males are mature at two years of age. At 60 cm, a female may produce
1.2 million eggs. At 78 cm, she may produce 3.3 million.

Cod generally move into deep water in the autumn and return to shallow
water in the spring. Feeding includes a wide variety of invertebrates
and fishes including: worms, crabs, molluscs and shrimps, herring, sand
lance, walleye pollock and flatfishes.

The preceding description of the life history of Pacific cod was
provided by: McClean, R. F., et al., 1977.

Clemens, W. A. and G. V. Wilby, 1961. Fishes of the Pacific coast of

Canada. 2nd ed. Bull. Fish. Res. Bd. Canada 68. 443 p.

Hart, J. L. 1973. Pacific fishes of Canada. Fish. Res. Bd. Canada. Bull.

180. 740 p. .



Harvesting Season, Pacific Cod

®
The current Pacific cod harvest remains at leve’ S far below the MSY
for this species. A considerable part of this catch Is taken incidentally
in the harvest of other species. Recent declines in the Atlantic cod o
harvest coupled with increased demand for fish blocks suggests that larger
harvests should be anticipated. Due to seasonal bathymetric movements,
with Pacific cod found in relatively shallow, easily fished water during .

the summer and dispersion of the cod into deeper waters during the more
inclement winter months, it can be anticipated that the cod fishery would
occur during the late-spring to early fall months. The optimal fishery for
this species would occur through the spring and summer months. Availability

and meat condition would be maximal during this period.

Causes of Fluctuation in Resource Abundance, Pacific Cod

The history of the cod fishery in the Bering Sea and the Gulf of
Alaska predates that of any other major American fishery in the region.
During this early time, the Pacific cod was plentiful throughout its range.
However, by the year 1948, the cod had become relatively scarce in its
northern range (Ketchen, 1956). The demise of the cod fishery, for the
most part, predates this decline. Ketchen (1956) states that the past
fishery for the species probably was not responsible for this decline,
rather the cause was quite possibly the result of a long-term alteration in
the physical environment. Following this period, the Pacific cod became

particularity plentiful in its southern range off British Columbia and

Washington.

i
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It is suspected that the cod is involved in an ecosystem complex
demonstrating alternate dominance with the walleye pollock now in ascen-
dance in the Gulf of Alaska. The complex involves both the sablefish and
the cod with the biomass of the pollock (Laevastu, 1978). The principle
cause of decline involves the rapid expansion of pollock stocks possibly
facilitated by the sudden reduction of Pacific ocean perch stocks by over-
fishing and recent recruitment failures. Juvenile pollock and cod occupy
similar trophic levels and have similar feeding specificities, with the .
pollock being the successful competitor, The actual mechanics of com-
petition are not clearly known. A possible consequence of competition in
such cases might be the reduction in the growth of juvenile cod with the
cod staying within the prey-size range of its predators for longer than
normal periods of time. The operation of this competition mechanism would
be further complicated by alterations in the physical environment as

reported by Ketchen.

Summar

Trend: Decline in the Gulf of Alaska. Distribution of abundance centered
off British Columbia and Washington.

Cause: Environmental change in northern range which is of negative survival

value. Strong possibility of alternate dominance with the walleye

pollock.



Life History, Sablefish

Taxonomy.

The sablefish (Anoplopoma_fimbria) is a member of the order

Scorpaeniformes, which was originally established to include those
fishes having a perch-like form of body. The order now includes many
groups that are quite varied from the basic percoid character. One of
these is the suborder Scorpoencidea, to which the sablefish belongs.
Within its family Anoplopomatidae or the skiifishes, sablefish are
known to various names such as "skil," "coalfish" and “black cod.”

However, the latter term is inappropriate since the fish is not a cod.

Physical Description.

The body of the sablefish is long and slightly compressed, tapering
into a long, slender, caudal peduncle. It is usually slate black or
greenish-gray on its dorsal surface and lighter on the ventral side. Males
do not grow as large as females, and they reach maturity at an earlier age.
Females may attain lengths of one m or greater. It is ’estimated that a
1,02 m (40-inch) sablefish is about 20 years old. Large individuals 0.9 m
(three feet) in length and 18.1 kg (40 pounds) in weight have been captured
on the halibut banks at depths down to 311 m (170 fathoms). Their food con-
sists of crustaceans, worms and small fishes. In captivity sablefish are
indiscriminate feeders. They have been observed actively feeding on saury

and blue lanternfish.

Distribution.

The species ranges from Cedros Islands in southern California to

the Bering Sea and is quite abundant in Alaskan and Canadian waters. On



the Asian side of the North Pacific, they range from Hokkaido, Japan, north
to the Kamchatka Peninsula off Siberia. Commercial quantities of adults

are most abundant in water deeper than 366 m (200 fathoms) and down to 915 m
(500 fathoms ). Although tagging studies have shown certain individuals to
travel more than 1,930 km (1,200 miles), sablefish tend to be localized in

most cases.

Life History.

Sablefish spawn in the early spring with rising water temperatures and
their eggs are pelagic, drifting with the current after fertilization. In
late May post-larval individuals have been found on the ocean surface at
distances from 161 to 298 km (100 to 185 miles) off the coast of Oregon. In
the post-larval phase, sablefish are subject to heavy predation by larger
organisms.

The preceding description of the life history of sablefish was *
provided by: McClean, R. F., et al., 1977.

Clemens, W. A., and G. V. Wilby. 1961. Fishes of the Pacific Coast of

Canada. 2nd. ed. Bull. Fish. Res. Bd. Canada 68. 443 p.

Hart, J. L. 1973. Pacific fishes of Canada. Fish. Res. Bd. Canada. Bull.

180. 740 p.

McPhail, J. D. and C. C. Lindsey. 1970. Fresh water fishes of northwestern

Canada and Alaska. Bull. Fish. Res. Bd. Canada 1973. 381 p.



Life History, Pacific Ocean Perch

Taxonomy and Physical Description.

Pacific Ocean perch, Sebastes alutus (Gilbert), are one of some 54

or more species in the genus Sebastes (previously placed in Sebastodes)
occurring in the north Pacific Ccean (Major and Shippen, 1970; Amer. Fish.

Soc ., 1970). Sebastes alutus can be differentiated from closely related

species by (a) a prominent forward-directed symphyseal knob and (b) a
mouth color which is red. Phillips (1957), Barsukov (1964) and Hitz (*1965)
published keys to the identification of rockfish in the genus Sebastes.

Barsukov (1964) proposed that Sebastes alutus be divided into two

subspecies: (1) S. alutus alutus, distributed from California to the Gulf

of Alaska and along the Komandorskiy-Aleutian Arc; and (2) S. alutus

paucispinosus, extending from the Pacific coast of Honshu Island into the

Bering Sea. The subspecies were found to overlap in the region of the
Aleutian and Komandorskiy Islands; therefore, Barsukov recognized the need
for further study because this was a provisional division. Other workers
(Hart, 1973; Quast and Hall, 1972; Chikuni , 1975) do not recognize sub-

specific differentiation.

Distribution.

Pacific Ocean perch 1ive along the eastern and northern rim of the
Pacific Ocean from La Jolla, California, to Kamchatka and in the Bering
Sea. According to Alverson, et al., (1964), no fish of the genus Sebastes
appear to have penetrated the Bering Strait.

Pacific Ocean perch are commonly found along the outer continental

shelf and on the upper continental slope. Commercial quantities generally

-
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occur at depths between 100 and 500 m (Quast, 1972). This species is
common in and along gullies, canyons and submarine depressions of the
upper continental slope. Adults occur in abundance over a variety of
substrates, “including clay and jagged rock, but their occurrence may

be determined more by food and hydrographic factors than substrates

(Quast, 1972).

Life History.

Pacific Ocean perch are an oviparous species; eggs are fertilized
internally and retained in the ovary during incubation. At present,
controversy exists as to when actual fertilization of eggs occurs (see
Lyubimova, 1963 and 1965; Snytko, 1971b; Pautov, 1972; and Gunderson,
1971).

Pacific Ocean perch spawn once a year, with actual mating time
varying among regions. Chikuni (1975) suggested that copulation takes’
place during October to February, with spawning occurring in March to
June. Moiseev and Paraketsov (1961) reported that spawning of ocean
perch in the Bering Sea occurred at depths of about 360 to 370 m.

Spawning timing (from Major and Shippen, 1970) by region is shown in

Table A.] .
TABLE A .1
Spawning Water
Area Season Temperature Reference
co

Bering Sea (south and south-
east of the Pribilof Islands) March-Flay 3.8-4.2 Paraketsov (1963)
Gulf of Alaska (north March-April -- Lyubimova {1963)
Coastal waters off southwest Westrheim,Harl ing
Vancouver Island, B.C. March -- and Davenport (1968)
Gulf of Alaska (south) May-June -- Lyubimova (1963)

Coastal waters off
Washington-Oregon January-March 6,0-8.0 Snytko E196&%



During the first year after birth, ocean perch are planktonic and
their distribution is determined by the movement of the water into which
they were born. Paraketsov (1963) reported that larvae are spawned in
the Pribilof Islands area in spring and swept by currents toward the shores
of the Aleutian Islands and the Alaska mainland. The age at which ocean
perch become demersal is not known. Paraketsov (1963) stated that during
their second year juvenile 5. alutus resume life near the ocean bottom.
Snytko (1971) believed that your]utus.of the Vancouver-Oregon
region lead a pelagic life for the first two to three years and then switch
to a benthopelagic life. Carlson and Haight (1976) suggested, however,
that juvenile Pacific Ocean perch become demersal during tﬁeir first year of
life.

Following their change to a demersal existence, young ocean perch re-
main in waters from 125 to 150 m deep until they reach the age of sexual
maturity, according to Moiseev and Paraketsov (1961) and Paraketsov
(?963). Young perch (under 36 cm) in the Vancouver-Oregon region were
found at depths of 120 to 210 m and mature specimens (over 36 cm) at
depths of 170 to 300m (Snytko, 1971b).

Pacific Ocean perch are slow growing and have a long life span.
Alverson and Westrheim (1961) reported that Pacific Ocean perch may live
to age 30. Paraketsov (1963) reported that females from the Bering Sea
matured at six to seven years of age at lengths of 22 to 25 cm. Pautov
(1972) reported that Bering Sea ocean perch reach sexual maturity at
lengths of 26 to 31 cm and at ages of six to nine years. He indicated that
males matured earlier than females, the former maturing at six to seven
years and the latter at eight to nine years. Chikuni (1975) indicated that

“fish in every stock” begin to mature at age five and all individuals



finish their sexual maturation by age nine. He indicated that 50 percent
of the stock matures at age seven.

Thompson (1915) reported $. alutus as one of the important constituents
in the diet of halibut,_Hippoglossus_hippoglossus_stenolepis. Tomi 1in
(1957) observed Sebastes spp. in the stomachs of sperm whales.

The intensity of feeding by Pacific Ocean perch is apparently not the
same throughout the year. Feeding intensity is apparently related to
availability of food, temperature conditions and the physiological status
of the perch (spawning}. Lyubimova (1963) noted that the Gulf of Alaska
population foraged near Unimak Island in May to September. She also con-
tended that during the rest of the year the adult perch almost wholly abstain
from feeding but that immature fish feed year-round. Perch captured during the
winter were leaner than those taken during the foraging period, and their
quality as food was inferior (Lyubimova, 1965). Pautov (1972) reported that
the Bering Sea perch fed most intensively during the spring-summer period
(April to September) and during the remainder of the year their food intake
decreased. Syntko (1971a) considered spring, summer, and fall as the prime
feeding times for perch in the Vancouver-0Oregon region. During mating
(September to October), sexually mature males feed very 1 ightly. The same
behavior has been observed in females during spawning of larvae (February to
March). Pautov (1972) reported that perch fed voraciously in morning and

evening hours and that the frequency of feeding decreased at night.
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Harvesting Season, Pacific Ocean Perch

Pacific ocean perch are currently subject to a year-around Fishery
which is under the regulations of the Gulf of Alaska Fishery Management
Plan. This fishery was depleted by foreign pulse fishing at annual levels
consistently above the MSY for the species. It is also possible that
physical environment factors have intervened to depress recruitment. A
further complication in the management of this species has been the rapid
increase in abundance of the walleye pollock, a species which originally
predominated in the Bering Sea. The recovery of Pacific ocean perch to
virgin biomass evels will be slowed by this replacement species. The
managed harvest of this resource will be at very low levels in comparison
to harvests during the inception of this fishery. In spite of apparent
differences in the quality of the flesh of this species before, during and
after the reproductive period, Pacific ocean perch is harvested through the
year.

The timing of the optimal fishery for this species, were it at higher
levels of abundance, would occur in the approximate time period of October
through February. This would correspond to the time when adult sex ratios
would approximate 1:1 and when somatic condition would be approaching prime

condition. Very considerable concentrations of fish occur at this time.

Causes of Fluctuation in Resource Abundance, Pacific Ocean Perch

The Pacific ocean perch is one of the more obliquitous species found in
the Gulf of Alaska, having a natural range extending from Southern California

to the Bering Sea and the waters of Honshu Island (Carlson, et al., 1976).



As a member of the family scorpaenidae, the perch has a unique reproductive
adaptation in that fecundity has been reduced in favor of ovoviviparous re-
production or the spawning of larvae as opposed to eggs (Gunderson, 1971).
The migratory circuit for the species corresponds, with slight modifications,
to the three-part circuit proposed by Jones (1968). An important feature
of the life history of this species is the segregation of juveniles, once
metamorphosis has been reached, from adult perch as well as from the adults
of other species. Upon recruitment the juveniles move into deeper waters
of the continental shelf and slope and take up the adult migratory circuit.
The segregation of juvenile perch to shallow inshore waters and bays may be
an adaptation for survival in that the opportunity for cannibalism is
reduced.

Due to extensive migrations by adults, larval drift, and related
movements, this species is faced with many of the same mortality factors
experienced by other species. In the unexploited state up to the 1950s,’
the Pacific ocean perch was probably at the level of maximum abundance and
distribution in the Gulf of Alaska. At this point the population was close
to or at the carrying capacity of the environment and was stable in terms
of its ability to compensate for cyclical fluctuations in mortality factors.
Fluctuations experienced to this time were environmentally induced (Quast,
1972). At this time the total biomass of Pacific ocean perch in North
American waters was in the range of 1,250 x 10°MT to 1,590 x 10°MT, a
high fraction of which was present in the Gulf of Alaska. This species
was probably the dominant demersal species in the region.

An important characteristic from the standpoint of the population

dynamics of the species is that it is slow growing, has considerable
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longevity (30 years), and matures slowly. A characteristic of commercial
significance is that adult perch form dense schooTs which rise up off the
bottom and are easily accessible to trawls (Quast, 1972). Another char-
acteristic of the species is the peroidic appearance of extreme variations
in year-class strength, including the failure of individual year-classes
(Carison, et al., 1976), In short, despite the initial abundance of this
species, a combination of environmental , vertical distribution, and popu-
lation dynamics factors had the combined effect of making the perch parti-
cularly vulnerable to unregulated fishing.

According to the reasoning of Alverson and Pereyra (1969), a popu-
lation such as the Pacific ocean perch is at the level of maximum sus-
tainable yield when the annual commercial harvest is approximately one-half
of natural mortality in the unexploited state. The computed maximum Sus-
tainable commercial yie d for the region off western North America includ-
ing the Gulf of Alaska s in the range of 125,000 to 250,000 MT (138 x” 10°
to 276 x 103 tons) per year. Comparison with actual catch statistics indicate
that the reproductive potential of the species was exceeded by substantial
margins and that the current low levels of abundance are due, in part, to
the stress of overfishing. A number of factors have contributed to the
decline of the species until now it is present at levels of abundance which
are small fractions of the species’ original abundance in the Gulf of
Alaska and other regions (Quast, 1972).

A complicating factor in the future recovery of perch stocks is the
advent of the pollock in the Gulf of Alaska. Another is that recovery will
be slowed or halted by the incidental catch of juvenile and adult perch in

other fisheries, thus suggesting that natality may lag progressively



further behind mortality as the population ages. The ecosystem present in
the Gulf of Alaska may be one in which another example of alternating
dominance is in operation. The juveniles of pallock and perch are in
approximately the same trophic position but with the pollock maturing at an
earlier age and probably out-competing the perch for food resources in the
northern part of the species’ range. Quast (1372) makes the prediction

that decades may be required for even moderate recovery.

Summary
Trend: Decline
Cause: Overfishing by foreign fleets coupled with changes in the biotic

and abiotic environments.



KING CRAB
Life History

Taxonomy.

King crabs are anomuran crabs of the superfamily Pagur dea found
throughout the circum-arctic region of North America. Eldr dge (1972)

has described their taxonomy as follows:

Order: Decapoda
Section: Anomura
Superfamily; Paguridea
Family: Lithodidae
Sub-family: Lithodinae
Genus: Paralithodes

Of the three species found in Alaskan waters, “red” king crab

(Paralithodes camtschatica) are the most abundant and commercially

valuable. Although “blue” king crab (Paralithodes platypus) are not

as abundant, they are morphologically similar to Paralithodes camt-

schatica. The Japanese have developed a modest fishery for this
species in the Pribilef Island region of the Bering Sea. “Brown” or

“golden” king crab {(Lithodes aequispina) are found in the deeper waters

183 to 366 m (100 to 200 fathoms) of Southeastern Alaska. The Japanese

refer to the king crab as "tarabagani ” whereas the Russians label is
"Kamchatka" crab. Americans usually reserve the name “king crab” for

Paralithodes camtschatica. The term “king crab” will refer %o

Paralithodes camtschatica for the remainder of this section.

Distribution.

King crab are abundant on both sides of the North Pacific Ocean. In
Asian waters, they are found from the Sea of Japan northward into the Sea

of Okhotsk and along the shores of the Kamchatka Peninsula; the northern



1imit on the Asiatic coast and have been reported at Cape Olyutorskiy (GOON
latitude). The species occurs throughout the Aleutian Islands and the
southeastern Bering Sea where large fisheries exist. On the western coast
of North America, the northern limit for king crab appears to be Norton
Sound (65°N latitude) i1n the northeastern Bering Sea. King crab are also
abundant in the Gulf of Alaska where major fisheries for them exist in

Cook Inlet, Kodiak Island and the south Alaska Peninsula. Moderate numbers
of king crab are found in Prince William Sound and Southeastern Alaska.

The southern limit of this species in the northeastern Pacific appears to be
Vancouver Island, British Columbia (Butler and Hart, 1962).

During various life stages, king crab segregate from one another. In
particular, males are separate from females except during the mating season
and, in general, adults appear to inhabit different areas from those fre-
quented by juveniles. Male king crab also may school by size.

King crab are distributed to depths of 370 m (1,200 feet), although® the
commercial fishery is generally confined to depths less than 180 m (600 feet).
Females and smaller males appear to be most abundant in intermediate depths. ¢
Juveniles are most abundant in inshore waters and in relatively shallow waters,
although they have been found to depths of 106 m (58 fathoms) (Powell and
Reynolds, 1965). ¢

The favorite bottom habitat of king crab appears to be mud or sand.

King crab are stenchaline and adapted to cold waters.

Maturity.

King crab of both sexes reach sexual maturity when their carapace (back)
q
length is approximately 100 mm (3.9 inches), or at an age of about five years.
All females participate in breeding shortly after attaining sexual maturity.

However, it appears that few males less than 120 mm in carapace length mate,

possibly due to competition from larger maies.



Mating.

King crab follow distinct annual migration patterns associated with
their mating season. During winter months they migrate to water depths of
less than 91 m (50 fathoms) along the shoreline and onto the offshore ocean
banks. Young adults precede old adults; males precede females (Powell and
Nickerson, 1965). Females molt and mate from February through May. Females
normally, but not necessarily, molt while being grasped by the male.

The precopulatory embrace (grasping) is an intrinsic behavior of adult king
crab which serves to keep breeding adults together until subsequent mating
has occurred. It additionally affords a protective mate to the female
before and during the molt, and aides the female in molting.

Immediately after the female molts, the attendant male deposits sperma-
tophore material around the female’s gonopores and releases her. The female
then ovulates into her abdominal pouch where eggs mix with the sperm mass and
are fertilized. Fertile eggs are carried by the female for 11 to 12 months,
hatching prior to the female’s next annual molt. Female King crab not mating
after molting will not extrude eggs.

Female king crab mate with only one male annually. Male king crab are

polygamous.

Fecundity.

The number of eggs each female carries varies with her size. Female
king crab in Asiatic waters apparently carry less eggs than their counter-
parts in the northeastern Pacific. In this regard, Nakazawa (1912) reported
that females in Japanese waters could carry as many as 345,000 eggs, while
the average female carried approximately 220,000 eggs. A later study (Sate,
1958) found that the number of eggs carried by females in Japanese waters

varied between 15,000 and 204,000, with a mean of 102,000 eggs,

{
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At Kodiak, small females have been reported to carry between 50,000

and 100,000 eggs, with large females carrying as many as 400,000 eggs.

Eggs and Larvae.

The embryos develop into pre-zoea after about five months” growth
and remain in this state while they are carried by the female. During
this period, the embryos within the eggs become well developed and are
easily visible. During hatching, which occurs between March and June,
all of the eggs carried by an individual will hatch in about a five-day
period. After hatching, the pre-zoea larva molts and assumes the first
zoeal stage. During the pelagic phase, the larvae are active swimmers and
feed primarily on diatoms. After the fifth molt, the larvae assume a
benthic, or bottom, existence as glaucothoe larvae. In the next molt,
which occurs during the first summer of life, they assume the first adult

form.

Juveniles.

During their first year of life, the juveniles assume a solitary,
benthic existence. Larvae are quite abundant in waters close to shore
in the Gulf of Alaska. In the Bering Sea large concentrations of
juveniles have been found in depths of 53 m (29 fathoms).

Two-year-old king crab are known to aggregate in large groups,
commonly piling upon one another and moving as a conglomerate. The
practice is known as “podding” and is a social behavior which affords the
crab protection from predators. Aggregates, although constantly changing,
are maintained by both sexes until they attain sexual maturity. At that

point, the crab segregate by sex and size.



Sculpins, cod, and halibut have been reported to prey on juvenile
king crab. In addition, Gray (1964a) has reported that halibut prey on
king crab when they are in the soft-shell condition. Evidence suggests
that once king crab attain sexual maturity, they are relatively immune

to predation, except during the molting phase.

Growth.

During each of the first several years of the king crab’s life,
growth is rapid, and it molts or sheds the hard outer. shell several
times in order to accommodate the increased body size. At the time of
molting, the crab sheds the carapace, eyes, antennae, mouth, esophagus,
stomach, calcerous teeth, gills, and tendons. In other words, the entire
outer body covering is molted. Juvenile male and female crab steadily
increase in carapace length at a rate of 24 and 23 percent per molt, re-
spectively, (Powell, 1967) until reaching sexual maturity.

After reaching sexual maturity, growth rates and molt frequency for
male and female crab differentiate. Adult females molt annually and
average four mm per molt. Adult males molt annually through the eighth
year and average 20 mm per molt. After eight years, an increasing pro-
portion molt biennially. A few male crab molt less frequently than bi-
ennially. Maximum size is reached at an average of 14 years of age.

Growth rate for males decreases slightly following the eighth year.

Food Habits.

King crab are omnivorous during both the juvenile and adult stages
of life. In a study of food items found in the stomachs of king crab in

the Bering Sea, the following occurred (in descending order of frequency):



Mollusca (clams, etc.), Polychaeta (marine worms), algae (marine plants),

other crustacea, and Coelenterates (jellyfish). Other food organisms ¢
found less frequently were foraminiferans, nematode worms, tunicates,
echiuroids, and fish (McLaughlin and Hebard, 1959).
o
Diseases.
Sindermann (1970) has reported that P. camtschatica and P. platypus
°

from the eastern north Pacific are occasionally affected by “rust disease”,
which seems to result from the action of chitin-destroying bacteria of the
exoskeleton. However, this disease appears to be relatively rare. Sinderman
(1 970) has also reported that P. platypus from Alaskan waters are occasionally.
invaded by rhizcephalans.

The preceding description of the life history of king crab was provided
by: McClean, R. F., et al., 1977.
Butler, T. H. and J. F. L. Hart. 1962. The occurrence of the king crab,

Paralithodes camtschatica (Tilesius), and of Lithodes aequispina

(Benedict) in British Columbia. J. Fish. Res. Bd. Canada 19(3):401-408,
Gray, G. W., Jr. 1964. Halibut preying on large crustacea. Copeia
1964(3):590.
McLaughlin, P. A. and J. F. Hebard. 1959. Stomach contents of the Bering
Sea king crab. U.S. Fish and Wildl. Serv. Spec. Sci. Rept.-Fish.
p. 291.
Moore, J. P. and M. C. Meyer. 1951. Leeches (Hirudinae) from Alaskan
and adjacent waters. Wasmann J. Biol, 9:11-17.

Nakazawa, K. 1912. Report on king crab, Paralithodes camtschatica.

in experiment report of fisheries training school 8(6):21. Trans-
lation file, U.S. Dept of Commerce, Nat. Mar. Fish. Serv. Biological

Laboratory, Auke Bay, Alaska.



Powell, G. C. 1967. Growth of King Crabs in the vicinity of Kodiak Island,
Alaska. Alaska Dept. of Fish and Game Info. leaflet no. 92.
Powell, G. C. and R. B. Mickerson. 1965. Reproduction of King Crabs, Para-

lithodes camtschatica (Tilesjus). J. Fish. Res. Bd. Canada. 22(1):

101-111.
Powell, G. C. and R. E. Reynolds. 1965. Movements of tagged king crabs.

Paralithodes camtschatica (Tilesius), in the Kodiak Island-Lower

Cook Inlet region of Alaska. 1954-1963. Alaska Dept. of Fish and
Game. Info. leaflet no. 55.
Sate, S. 1958. Studies of larval development and fishery biology of king

crab, Paralithodes camtschatica (Tilesius). Bull. Hakkaiso Reg. Fish.

Res. Lab. 17. 102 p.
Sindermann, C. J. 1970. Principal diseases of marine fish and shellfish.

Acad. Press, New York. 369 p.



Harvesting Season

The king crab harvest following a period of extensive harvests suffered
a number of reversals in the period 1966-71. Refinement of management
techniques has facilitated a slow recovery beginning in 1972. Current
management is aimed at expanding the age structure available for harvest
rather than a harvest limited to recruit crabs only. The commercial season
for this species faces a number of restraints, some climatic, but most
noteworthy, detailed regional management plans regulating the harvest along
a number of parameters. This regulation, indicated on the following map,
includes opening dates, species quotas, males only, minimum carapace size,
among other considerations. The fishery for this species is a part-year
operation only, with crews and vessels moving to other crabbing grounds
under the control of strict regulations, or moving to entirely different
species. Product quality is not a major restraining factor throughout most
of the legal season provided that vessels are provided with adequate live
tanks. Product quality would, however, be a constraint if it were not for
management regulations which prohibit fishing during the mating season.
Despite the fact that the quality of the meat is not affected, soft shelled
crabs are generally not marketable.

The so-called optimal fishery for this spec' es would occur after the
completion of spawning migrations and the annual molt. Concentrations of
adults would be of considerable density at this time and would occur at
relatively shallow depths. Inclement weather would be a serious con-

straining factor during this time.



Stabilization by management practices in most areas following

Causes of Fluctuations in Resource Abundance
Summary
Trend:

period of precipitous decline.
Cause:

Decline a result of recruitment overfishing; stabilization due

to establishment of multiple year-classes in adult population.
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TANNER CRAB
Life History
Taxonomy.
o
Tanner crab are members of the brachyuran crab of the superfamily
Oxyrhycha found throughout the circum-arctic region of North America.
Garth (1958) has described their taxonomy as follows:
o
Order: Decapoda
Section: Brachyura
Superfam: ly: Oxyrhyncha
Fami 1y: Majidae
Sub-fami y: Oregoniinae
Genus: Chionoecetes °
The genus of Chionoecetes may actually consist of two polytypic species,
C. opilio and C. angulatus. C.opilio may have given rise to C.opilio
elongatus and C. bairdi, while C. angulatus_may have given rijse to & °

tanneri and C. japonicus (Garth, 1958). All of these species are present
in the North Pacific.

Crabs of the genus Chionoecetes have been referred to as “spider”, "Tanneg

and “snow crab” in English literature. In Japanese literature, this genus is
referred to as zuwai crabs. [In an attempt to capitalize on the excellent
reputation of the king crab, American processors initially attempted to sell @
Tanner crab under the trade name “Queen Crab.” However, the U.S. Food and

Drug Administration has since ruled that “Snow Crab” will be the official

trade name for the Tanner crab. In common usage, Tanner crab has become °

the accepted name for the genus.

Distribution. 0

Tanner crab belong to the sub-family Oregoniinae, which has a circum-

arctic distribution extending into the temperate waters on the east and



Maturity.

Due to the difficulty of aging crustaceans, the age at which Tanner
crab reach sexual maturity is not known with certainty, although the size
at maturity is known for most species. Alaska Department of Fish and Game
Tanner crab research has determined that the average malevg, bairdi reaches
maturity at 110 mm carapace width. The same research puts the size of 50
percent maturity for female C. bairdi at 83 mm (Donaldson, 1975). Studies
conducted in the Sea of Japan indicate that (. opilio reach sexual maturity
after about the tenth molt, or six to eight years after hatching. Male and
female C. opilio in Japanese waters reach sexual maturity at a size of
approximately 50 to 65 mm in carapace width (Ito, 1970). Female C. tanneri
off the Oregon coast reach sexual maturity at 75 to 126 mm in carapace
width, while male C. tanneri mature at 103 to 181 mm in carapace width

(Pereya, 1966).

Mating.

As a genus, Tanner crab appear to be polygamous. Initial mating is
believed to take place in the spring or early summer shortly after the
female has molted and grown to maturity. Some evidence is available
which suggests that, unlike king crab females, Tanner crab females are
capable of breeding while hard-shelled. Hartnoll (1969) contends that only
hard-shelled male Tanner crab are successful at mating. Female Tanner crab
are apparently capable of producing more than one hatch of fertile eggs

from one mating (Matson, 1970; Bright, 1967).



Fecundity.

The number of eggs produced by female Tanner crab is extremely varied.
The range of 24,000 to 318,000 eqgs Per female C. bairdi (Hilsinger, 1975)
compares with 20,000 to 140,000 and 6,000 to 130,000 eggs per female C.
opilio in Canada (Watson, 1969) and Japan (Ito, 1963), respectively. The
large egg number variation exists between females of both varying and
similar sizes. Some of this variation can be accounted for by a decrease

in clutch size in very old animals.

Eggs and Larvae.

After mating, the female lays a clutch of bright orange eggs. The eggs
are attached to pleopods under the female’s abdomen and are carried for approxi
mately twelve months before hatching. A steady loss of eggs following fertili-
zation has been documented for C. bairdi (Hilsinger, 1975) and C. opilio_(Ken,.
1974), The total loss may amount to as much as 45 percent. The decrease in
egg number is attributed to death and disintegration of abnormal embryos and
predation. Hatching of the eggs (larval release) appears to coincide with
the plankton blooms. The free-swimming larvae molt and grow through several
distinct stages before settling to the bottom as juveniles where they cover
themselves with debris and begin feeding on detritus. The growth rate from
larval to juvenile stage is dependent upon water temperature, with warmer

. 0
temperatures producing faster growth. At water temperatures of 11" to 130C,

°
the free-swimming developmental period between the larval and.juvenile
stages may last approximately 63 to 66 days (Ken, 1970).
Plankton studies in the Sea of Japan indicate that free-swimming larvae
@

of Tanner crab underto diurnal vertical migrations. This migration is

a Teeding response to the diurnal movements of plankton blooms.



Juveniles.

There is very little published material concerning the habitat and dis-
tribution of juvenile Tanner crab. Exploratory work in the Japan Sea in-
dicates that juveniles settle along the sea bottom at depths ranging between
298 and 349 m (163 and 191 fathoms) (Ito, 1968). Alaska Department of Fish
and Game biologists in Kodiak have collected juvenile C. bairdi as small as
6.5mm in 18.3 m (10 fathoms). The National Marine Fisheries Service has
records of juvenile Tanner crab as small as 12 mm caught in shrimp trawls off
Kodiak in 55 to 146m (30 to 80 fathoms). This information suggests that dis-
tribution of juvenile Tanner crab is widespread and not depth dependent. The
actual diet of the juveniles is uncertain, but they are believed to feed
primarily on dead and decaying molluscs and crustaceans which accumulate in
the detritus along the sea floor. Fish remains and small planktonic organisms

are also ingested to a limited degree.

Adults .

Adult Tanner crab are into” erant and restricted in their distribution
by low salinities and high temperatures. Laboratory experiments in Canada
have demonstrated that C. opilio will die within 24 hours if kept in
salinities less than 22.50/00 (anonymous, 1971). At a salinity of approxi-

mately 31°/00 to 320/00,McLeese (1968) determined that C. opilio reached

the 50°/00 mortality point after 18.8 days when held at 16°C. Thus, it is
reasonable to expect that the southern range of Tanner crab distribution may
be limited if water temperatures exceed 16°¢.

Adult Tanner crab appear to have few predators, although it is likely

that during molting they may be vulnerable to large fish and perhaps other



large crustaceans such as the king crab. In addition to predation, it is
speculated that king and Tanner crab may compete for food and space. The
concept of competition between the king and Tanner crab is interesting in
that it poses the question of whether the populations of Tanner crab are
affected by the abundance of king crab. In this regard, the depletion of
the larger male king crab by the present intensive fishery might have a

favorable effect on the abundance of Tanner crab.

Growth .

Dimensional growth occurs in Tanner crab when the hard exoskeleton is
periodically cast off or molted. The animal 1is then able to take water
into its tissues and increase in size before the rehardening occurs. Male
and female crab display similar growth rates and molt frequently prior to
reaching sexual maturity. Males continue to molt after becoming sexually
mature, but the intervals between molts increase with age. Female crab-
normally do not molt after reaching sexual maturity. In females, the molt
to maturity is considered the terminal molt. Growth may vary from one
geographic location to another. The maximum age of Tanner crab is probably

8 to 12 years, although this is not known with certainty.

Diseases.

Brown (1971) reported a black encrustment on the carapace which has
been labeled “shell syndrome.” The meat of the crab is not affected by the
“syndrome,” but it may cause mortality in individuals which have undergone
their terminal molt due to disablement of the mouth parts and eyes. There
is some evidence that the indiscriminate dumping of wastes from crab pro-

cessing plants may be a factor contributing to the spread of the disease.



Gordon (1966) reported that some polyclad Turbellaria are ectopara-

sitic on crab. Specifically, Coleophora chionoecetes has been found on

the eggs of Tanner crab.

Oka (1927) reported that the leech,_Carcinobdella kanibir, is

occasionally found on . opilio_in Asiatic waters.

Migration and Local Movement.

Little is known concerning the migrations and local movements of
Tanner crab. However, tagging studies conducted by Canadian scientists
(Watson, 1970) indicated that tagged male crab travel relatively 1ittle,
with 85 percent of the returns recaptured within 16 km (10 miles) of the
release point. The farthest recapture in the study was a male that
traveled 45 km (28 miles). A limited tagging experiment in Auke Bay, A‘laska,
concluded that Tanner crab may return to a “home” area to mate and molt
each year (anonymous, 1971).

Numerous trawl surveys conducted in the Gulf of Alaska and the Bering
Sea indicate that Tanner crab are more concentrated in some areas than
others. These data indicate that Tanner crab may school, but further work
is needed for clarification.

The preceding description of the life history of Tanner crab was
provided by: McClean, R. F., et al., 1977.

Anonymous. 197la. Review 1969-1970. The Fisheries Research Board,
Ottawa, Canada.

Anonymous. 1971b. Intern. N. Pacific Fish. Comm. Proc. of the Seventeenth
Annual Meeting, 1970. Report of the Subcommittee on King Crab and
Tanner Crab. Appendix 5 (Dec. 1341). 247-257 p.

Bright, D. B. 1967. Life histories of the king crab and the “tanner”

crab in Cook Inlet, Alaska. Ph.D. thesis. U. So. California 265 p.
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Harvesting Season

The current Tanner crab catch, particularly at Kodiak, exceeds that of
the king crab. Earlier processing difficulties involving the removal of
meat from the carapace of the tanner crab.has been solved and product
quality and acceptance, though somewhat below that of king crab, remains
adequate throughout the legal season. The fishery for the Tanner crab is a
males only operation similar in most regards to that of the king crab but
is not as stringently regulated. The temporary decline of the king crab
harvest has prompted the increased pressure on this species andis probably
responsible for the initiation of the Tanner crab industry. The nature of
the Tanner crab fishery will undoubtedly remain closely coupled to that of
the king crab. Current catch levels of the Tanner crab remain well below
the MSY's for this species in most areas. The optimal fishery for Tanner

crab would be similar to that described for the king crab.

Causes of Fluctuation in Resource Abundance

Summary
Trend: Continued increase in commercial harvest.
Cause: Expansion of industry into previously unfished waters; information

on population dynamics of species largely absent.

Development and Market Structure

The development and market structure of the Alaskan Tanner crab fishery
is similar to that of the king crab; for that reason, they are presented to-

gether in the king crab sub-chapter.



DUNGENESS CRAB

Life History

Taxonomy.

Dungeness crab, Cancer magister, are members of the brachyuran crabs

of the family Cancridae. Mayer (1972) described their taxonomy as follows:

PRyl urn: Arthropoda
Class: Crustacea
Superorder: Eucarida

Order: Decapoda
Suborder: Brachyura
Family: Cancridae
Genus: Cancer

Genotype: Cancer magister

(Dana, 1852)

Crab of the species Cancer magister have been referred to as “market

crab”, “common edible crab”, “Pacific edible crab”, ‘“commercial crab”,
"Dungeness crab”, and "Dungeoness crab”. At present, "Dungeness crab” is

the accepted common name.

Distribution.

Dungeness crab are found in the shallow, nearshore waters of the North
Pacific along the western North American coast. They range from a northern
limit of Unalaska to a southern limit in Monterey Bay, California (McKay, 1943),
Crab inhabit bays, estuaries and open ocean near the coast from the intertidal
zone to depths of approximately 90 m (50 fathoms). Favored substrate is a
sand or sand-mud bottom, although Dungeness crab may be found on almost any
bottom substrate. Unlike king and Tanner crab, Dungeness crab inhabit
shallow water most of the year. Juveniles are commonly associated with
stands of eelgrass or, in the absence of eelgrass, with masses of detached
algae, which are believed to afford them protection (But’ er, 1956).

Water temperatures and salinity appear to be contro ling factors in

the seasonal distribution of DJungeness crab. Studies by Cleaver (1949)



indicate that crab abundance, as estimated from catch per unit effort data,
increases with rising spring water temperatures and decreases with dropping
fall temperatures. Changes in winter catch appear to be in response %o
fluctuating low salinities. McKay (1942) determined that adult Dungeness
crab migrate offshore during the winter and return to the nearshore in the

early spring and summer.

Sexuality.

Dungeness crab are heterosexual and sexually dimorphic. There is
considerable variation in morphology between male and female crab, with
males being significantly larger than females. Adult ma’les have an acute

and narrow abdomen, while adult females have a round and broad abdomen.

Maturity.
According to Butler (1960), male Dungeness crab from the Queen Charlotte

Islands, British Columbia, reach sexual maturity at a carapace width of

110 mm, or at about three years of age. He found, however, that sexual
activity was not appreciable until the crab obtained a carapace width of 140
mm. McKay (1942) found by examination of gonads that male crab matured at a
carapace width of about 137 mm.

Butler (1960) found mature female Dungeness crab with a carapace width

of 100 mm which were approximately two years old. Weymouth and McKay (1936)
also determined that female crab reach sexual maturity at about 100 mm

carapace width.

Mating.

The mating of Dungeness crab, as observed in aquaria, has been re-

ported by Cleaver (1949), Butler (1960) and Snow and Nielsen (1966). No



observations made under natural conditions have been reported. Crab copulate
only after the female has recently molted. Snhow and Nielsen (1966) found
that within one hour and 32 minutes after the female has molted, copulation

took place.

Fecundity.
McKay (1942) found that a single egg mass contained, 1,500,000 eggs and
speculated that a single female Dungeness crab may spawn three to five

million eggs during a lifetime.

Egqgs and Larvae.

After mating, the female’s oviduct is closed by a secretion which
hardens in contact with sea water. The spermatozoa are sealed in the oviduct
where they remain viable for several months. Upon extrusion, the eggs are
fertilized (McKay, 1942). Egg-bearing occurs during October to June in,
British Columbia. Larvae emerge from the egg masses between December and
April in Oregon waters (Reed, 1969). Egg-and larvae development is dependent
upon water temperature, with warmer temperatures producing faster growth. In
California waters, Poole (1966) determined that the developmental period
between egg and juvenile may last 128 to 158 days.

Predation and cannibalism are major causes of mortality among larval
Dungeness crab. Heg and Van Hyning (1951) found the larvae of (. magister
as prey items in stomachs of chinook and silver salmon taken along the *

Oregon coast. McKay (1942) cites observations of C. magister larvae

commonly found in the stomachs of salmon, herring and pilchard.
Reed (1969) investigated the effects of temperature and salinity on

the growth of laboratory-reared C. magister larvae. He found that optimum



ranges of temperature and salinity for C. magister larvae are 10.0” to

13.9°C and 25%00 to 35°/00, respectively.

Juveniles.

Juvenile Dungeness crab are commonly associated with stands of eel-
grass or, in the absence of eelgrass, with masses of detached algae, which
are believed to afford them protection from predation (Butler, 1956).
Butler (1954) reports the common occurrence of juvenile crab, about three-
eighths of an inch, in the stomachs of adult crab.

The diet of juveniles is assumed to be similar to that of adults, with
crustaceans and molluscs accounting for the principal food items.

Growth during the juvenile stage is Tairly rapid, with crab reaching

their eleventh or twelfth molt by age two.

Adv? ts .

After reaching sexual maturity at two to three years of age, Dungeness
crab continue to grow, with males obtaining their maximum size at age five.
Female growth is similar to that of the male Dungeness crab during the first
two years of life, but decreases afterward (Butler, 1961). Butler (1960)
concluded that the maximum age for C. magister is eight years. McKay and
Weymouth (?935) felt that the maximum age was not more than ten years, with
the average life expectancy being eight years.

The diet of adult Oungeness crab is varied, consisting primarily of
other crustaceans, molluscs, worms and occasionally seaweed (McKay, 1942).

The cannibalism of juvenile and larval crab by adults is reported by

Butler (1954).
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Temperature tolerance for adult (. magister in Puget Sound, Washington,
has been reported by Stober, Mayer and Salo (1971). In general, no mortality
was observed at temperatures below 24°C

Adult Dungeness crab are subjected to heavy predation, particularly
while in the soft-shelled condition fol owing a molt. Waldron (1958) found
1ing cod, the great marbeled sculpin, wolf-eels, halibut, octopus and.-some
rockfish to be voracious predators upon adult (. magister. Predation is
particularly heavy on small, immature crab, but is not exclusive of adults,
McMynn (1951) observed two C. magister, which were 114 mm wide, and four

smaller crab in the stomach of one rockfish.

Diseases.
A “black spot” or “rust spot” is occasionally found on the legs of
Dungeness crab. Although no discussion of this disease was found in the

literature, it may be similar to the chitininvrous bacteria-caused disease

described for the European Dungeness crab, C. pagurus (Sinderman, 1970).
The occurrence of a species of worm adhering to the carapace and among
the egg masses was reported by McKay (1942). Sinderman believes the worms

to have been a marine leech.

Migration and Local Movement.

Little is known concerning the migrations and local movements of
Dungeness crab. However, Cleaver (19439) has divided the migration of C.
magister nto two types: (1) the onshore-offshore movements, and (2)
coastwise Cleaver concluded that adult crab migrate offshore during
the winter months and return to the nearshore in the early spring and

summer. This seasonal migration is apparently in response to seasona



changes in water temperatures. Furthermore, Cleaver observed that crab

which were tagged in early winter moved northward with the approach of

summer. Although he had no evidence of a return migration, he believed
that one might exist in the deeper waters. Presumably, these migrations
may also be in response to seasonal changes in water temperature.

The preceding description of the life history of Dungeness crab was

provided by: McClean, R. F., et al., 1977.
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Harvesting Season

The Dungeness crab goes through seasonal movements opposite those of
the king crab. Warming water temperatures cause the Dungeness crab to move
into shallower waters of inshore areas, particularly into water masses with
temperatures within the optimal range of 10 to 14°C and with a bottom of
firm sand or mixed-sand. The fishery for the Dungeness crab as employed in
Alaska occurs in water depths of 9 to 37 m (6 to 20 fathoms) and is timed
to coincide with seasonal inshore movements. Cooling surface temperatures
initiate the offshore movement of this crab to deeper waters. This event
marks the cessation of most commercial operations with the effective (legal)
season in Kodiak waters north of the latitude of Boot Bay extending from
May 1 through December 31. Early June through mid-September generally marks
the most active portion of the legal season. This latter time period also
coincides with that of the optimal fishery for this species.

The quality of Dungeness crab meat generally remains high throughout
the regulated season. For most areas the annual molt occurs during the
late-summer to winter period and the resulting “soft-shell” crab are not
marketable. In more southern fisheries the appearance of crab with soft
shells usually mark a temporary end to the season. The current Gulf of
Alaska Dungeness crab fishery is exploiting primarily a single age-class,
making the fishery subject to fluctuations of considerable amplitude due to
recruitment alterations. The decline of Oregon and Washington Dungeness
crab populations might be expected to put further strain on the Gulf of

Alaska crab by increasing demand.
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Causes of Fluctuations in Resource Abundance

Summary
Trend: Decline in most areas.
Causes: Reduction in average size of adults from several areas suggestive

of recruitment overfishing; possibility exists that environmental
change has resulted in weak year-classes; population dynamics

information largely absent.



SHRIMP

Life History

Commercial catches of shrimp in the north Pacific Ocean are made up
of three families: Crangonidae, Hippolytidae and Pandalidae. The first
species exploited by the west coast shrimp fisheries were members of the
family Crangonidae in intertidal areas. Now, however, members of the
Crangonidae and Hippolytidae are considered of little commercial value
and are only taken incidentally in catches of Pandalidae. Consequently,
this life history report will consider only the pandalid shrimps.

Taxonomy.

Fox (1972) defines the suprafamilial taxonomic relationships of the

family Pandalidae as follows:

Phylum: Arthropoda
Class: Crustacea
Subclass: Malacostraca
Order: Decapoda
Suborder: Natantia
Section: Caridea
Family: Pandalidae

Rathbun (1904) lists 14 species of pandalid shrimps found off the
northwestern coast of North America which are divided between the two

genera Pandalus and Pandalopsis. They are as follows:

Pandalus borealis* Kroyer
Pandalus danae Stimpson
Pandalus goniurus® Stimpson
Pandalus grunayi Stimpson
Pandalus hypsinotus™® Brandt
Pandalus jordani Rathbun
Pandalus leptocerus Smith
Pandalus montagui tridens Rathbun
Pandalus piatyceros* Brandt

Pandalus stenolepsis Rathbun




Pandalopsis aleutica Rathbun

Pandalopsis ampla Bate
Pandalopsis dispar* Rathbun
Pandalopsis longirestris Rathbun

Only five, identified by asterisk above, of the 14 species are caught
by commercial fisheries in significant quantities in Alaskan waters. The
remainder of this life history report will be devoted entirely to these

five species.

Distribution.

Shrimps of the family Pandalidae are found throughout the higher
temperate and boreal latitudes of the world, with centers of concentration
varying with the species. In the northeastern Pacific, shrimp are dis-
tributed in bays and on offshore banks. Their range extends from the
Bering Sea to southern California with commercial fisheries occuring off
every Pacific state. Specific distribution data for the five major shrimp
species found in Alaskan waters is given as follows:

The northern pink shrimp, Pandalus borealis, has been found from

the Bering Sea southward to the Columbia River in depths of 18 to 640 m (10
to 350 fathoms). It is the most abundant shrimp in the north Pacific Ocean
and Bering Sea. The greatest concentrations occur from the southeastern tip
of the Kenai Peninsula, Kodiak and Shumagin Island groups and along the
south side of the Alaska Peninsula west to Unalaska Island. Small con-
centrations also occur along the eastern Kenai Peninsula, portions of

Prince William Sound, Yakutat Bay and throughout southeastern Alaska.
Optimum depth where the greatest commercial catches may be taken varies
somewhat by area but is generally between 55 and 180 m (30 and 100 fathoms)

(Rathjen and Yesaki , 1966) .



The “bumpy” shrimp, Pandalus goniurus, has been caught from the

Arctic coast of Alaska southward to Puget Sound, Washington, in depths of
5.5 to 180 m (3 to 100 fathoms) (Rathjen and Yesaki, 1966). The greatest
concentrations are off southeastern Kodiak Island and in the Shumagin Islands.
L

Although overlapping in distribution, the “bumpy” shrimp is not as abundant

as the northern pink shrimp.

The coonstripe shrimp, Pandalus hypsinotus, has been found from the

Bering Sea to the Strait of Juan de fuca in depths of 5.5 to 180 m (3 to 100 .

fathoms), very similar in range to that of the “bumpy” shrimp (Fox, 1972).

High concentrations occur off Kodiak Island and in the Shumagin Islands. Coon-
stripe shrimp comprise a relatively small portion of the commercial catch, .
largely s nce they inhabit depths and bottom types that are seldom trawled.

A small d rected fishery for this species occurs in Kachemak Bay on the Kenai
Peninsula  Coonstripe are often taken incidentally to pot fisheries for spot ¢

shrimp. The largest prawn size individuals are commonly retained and sold.

The spot shrimp, Pandalus platyceros, has been reported from Unalaska

Island to San Diego, California, in depths of 3.7 to 487 m (2 to 266 fathoms) 4
(Fox, 1972), While the other pandalid shrimps are generally found in areas
suitable for trawling, P. playtceros is found in rocky areas unsuitable for
trawling. Consequently, areas of major concentration are not well known.
Ronholt (1963) reported small quantities taken off Lapush, Washington, and
in southeastern Alaska. In addition, pot fisheries are located in the Puget
Sound-Vancouver Island area (Butler, 1964) and in scattered areas off central ¢
Alaska, principally Kachemak Bay (Barr, 1970a). There are indications from
small commercial ventures that Kodiak Island and Alaska Peninsula waters
may contain stocks as large or larger than those in other Alaskan waters

(McCrary, 1977, personal communications).



The sidestripe shrimp, Pandalopsis dispar, is distributed from the

Bering Sea, west of the Pribilof Islands, southward to Manhattan Beach, Oregon,
in depths ranging from 37 to 642 m (20 to 351 fathoms) (Fox, 1972). Next to
the northern pink shrimp, it is the most abundant shrimp taken commercially in
the north Pacific Ocean. The greatest concentrations occur off Kodiak Island
and in the Shumagin Islands. The greatest concentrations of sidestripe shrimp
are found somewhat deeper than northern pink shrimp, generally from 110 to 219 m
(60 to 120 fathoms) (Ronholt, 1963).

Most pandalid shrimps are found on mud or sand and mud-mixed bottoms.
However, they are not found in all areas where these types of bottoms
occur. References to green mud bottoms in relation to large concentrations
of the northern pink shrimp, P_. borealis, and the ocean pink shrimp, P.
jordani, have been made by many authors who infer that the organic content
of the bottom is more important in determining distribution than bottom con-
sistency. It should be noted, however, that most sampling has been conducted
with trawls which work well only on the type of bottom described above. It
is, therefore, inconclusive whether or not many pandalid shrimp concentrate
on harder or rockier bottoms. P. platyceros and, to a lesser extent, P.
hypsinotus are known to. perfer coarse, rocky and coral-covered bottoms

(Fox, 1972).

Sexuality.

The reproductive life history of pandalid shrimps is rather unique
among shellfish. Although reproduction is bisexual, pandalid shrimps
exhibit protandric hermaphroditism.

Pandalid shrimps, to a large extent, mature first as males and then
later in the life cycle transform into functional females. The mor-

phological changes that accompany sex change usually occur within six to
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eight months. Individuals who the previous year spawned as a male will
spawn the current year as a female. Once an individual has become a
female, it remains so throughout the rest of its life.

The literature contains reports on a phenomenon called “primary”
females. Primary females may be defined as those individuals who never
function as males or, more strictly, as those individuals who mature
directly as females, never being hermaphrodites. Dahlstrom (1970) re-
ported primary females in P. jordani off northern California, a few were
found by Tegelberg and Smith (1957) off Washington and 47 of a.sample by
Butler (1964) off British Columbia were primary females. The production
of early maturing (or primary) females may be environmentally related or
may be a density dependent phenomenon. At any rate, the early maturation
of females is a survival adaptation beneficial to the population. Primary
females have also been noted in P_. borealis and P. hypsinotus in British
Columbia (Butler, 1964). Primary females have not been positively ,
documented in Alaskan pandalid shrimp populations, and it is strongly
indicated that their occurrence is rare.

A far more important sexual variation is that known as secondary
female development. In this instance, male characteristics develop but
are repressed before maturity. Sexual maturity and functioning for the
remainder of life is as a female. Secondary females are common in south-

eastern Alaska populations of P. borealis, goniurus and hypsinotus but

have not positively been shown to occur in other Alaskan areas. McCrary
(1977, personal communication) found some populations of females, especially

P. borealis and goniurus, to be comprised of over half secondary females.

Numerous authors have reported similar findings for P. jordani off the

lower west coast states and British Columbia.
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Maturity.

The age at sexual maturity varies with the species and by geographical
location within a species. The normal situation for pandalid shrimps is
that they are protandric hermaphrodites, maturing first as males and then
later transforming into functional females. P. danae and B.gon%urus apparently
mature as males during their first autumn and function again as males at 1 1/2
years in British Columbia (Butler, 1964). The age at first maturity as males

is 1 1/2 years for P. borealis, P. hypsinotus, P. jordani, P. platyceros and

Pandalopsis dispar (Butler, 1964; and Dahlstrom, 1970). Ivanov (1964a)

estimates that P. boraelis in the Pribilof Islands area of the Bering Sea
do not mature as males until 2 1/2 years. McCrary (1971, personal communica-

tion) found the same to be true for P. borealis, Pandalopsis dispar and,

to a lesser extent, P. goniurus and P. hypsinotus in Kodiak and Shumagin
Island waters. The same author also found these pandalids and P. platyceros
to mature at 1 1/2 years in certain southeastern Alaska populations.

The age at transition to functional female also varies with the species
and by geographical location within the species. By and large, most shrimp

function two years as a male before transforming to a female.

w

During summer and early fall eggs ripen in the ovaries of the females
and the forming eggs may be seen as a greenish, blueish or yellowish-brown
mass, depending on species, lying dorso-laterally under the carapace.
Breeding and egg deposition occur from late September through mid-November.
The male attaches a sperm mass 0 the underside of a female between the
last two pairs of pereiopods (walking legs). This usually occurs within
36 hours after the female molts into breeding dress (Needler, 1931).

Fertilization and oviposition occur as the eggs stream from the oviducts



over the sperm masses and become attached to the forward four pairs of

pleopods (abdominal appendages) and abdominal segments.

Fecundity.

Pandalid shrimps have a high fecundity.

The number of eggs per clutch

ranges from 500 to 2,500 for P. jordani and P. borealis (Dahlstrom, 1970).

McCrary (personal communication or unpublished ADF&G data) found 626

specimens of P. borealis to carry egg clutches ranging from 478 to 2117.

In southeastern Alaska, the same author found full clutch sizes of P.

borealis to range from 809-1642" (N=21); P. dispar 674-1454 (N=21); P.

goniurus 97?-3383 (N= 11); P. hypsinotus 1083-4528 (N=25); and P. platyceros

4044-4528 (N=2). The number of eggs extruded is positively correlated with

the size of the shrimp.

Eggs arid Larvae.

Females carry their eggs externally for about five to six months until

hatching. Hatching-occurs mainly from March through April for P. borealis.

P. dispar, however, often have ovigerous periods which overlap in the June-

July period, meaning that the latest hatchers are present at the same time

as the earliest egg layers (McCrary, 1977, personal communication). The

lengths of spawning, carrying, and hatching periods vary inversely with the

water temperature, at least for P. borealis (Haynes and Wigley, 1969). In

laboratory studies, Berkeley (1930) found that most larvae hatch at night

during periods of vigorous pleopod movement by the female. Hatching an

entire clutch of eggs may take as long as two days. The larvae remain

planktonic for about two to three months, passing through six stages to

become juveniles, and then settle, taking up a benthonic existence like

the adults (Berkeley, 1930).
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Juveniles.

Little information is available on juvenile shrimp prior to their
maturation as adult male shrimp. Differential rearing areas and migration
patterns appear to exist between juvenile and adult shrimp. More specific

information on this is available in the Migration and Local Movement

section of this life history report.

Adul ts

Mortality rates are high for adult pandalid shrimps. P. borealis
survive a maximum of four to seven years off the Pacific coast with growth
decreasing and age increasing as one proceeds north and west. This is
true for other pandalid species studied by ADF&G (McCrary, 1977,
personal communication). Estimates of annual survival rates for P. jordani
off California range from 30 to 52 percent for the years 1960 to ?966
(Dahlstrom, 1970), These estimates were made in the presence-of a fishery,
so they represent both natural and fishing mortality.

The growth of pandalid shrimps may be generalized as follows: (1) the
animal molts, ridding itself of a rigid exoskeleton; (2) water is absorbed,
increasing the size of the animal; (3) a new exoskeleton is formed; and (4)
the water is gradually replaced by new tissue. Growth in size, therefore,
is a step function, increasing in increments at each molt but remaining
constant between molting periods.

The most comprehensive study of the growth of Pacific pandalid shrimps
is that of Butler (1964). He found that based on ultimate size P.

platyceros becomes the largest, followed by Pandalopsis dispar and P.

hypsinotus. However, until about two years of age, P. hypsinotus is

iarger than Pandalopsis dispar. Butler further reported that P. borealis

and P. jordani both reach about the same size. Dahlstrom (1970) reports a



somewhat faster growth rate for P. jordani off northern California and
Oregon, but a slower growth rate off Washington. Studies by Ivanov (1969)
indicate that the growth rate for P. borealis in the Bering Sea is slower
than those of the western Gulf of Alaska or of British Columbia. ADF&G
studies (unpublished, McCrary, 1969) show that the. growth of P. borealis,
P. dispar and P. goniurus around Kodiak Island and Shumagin Islands is
slower than for these species in southeastern Alaska. Hence, It appears
that the growth rate of P. borealis is dependent upon latitude and, con-
sequently, upon water temperature. It is assumed that the other pandalid
species exhibit similar growth characteristics.

Pandalid shrimps are carnivorous bottom feeders and feed both by
scavenging dead animal material and by preying on living organisms such
as amphipods, euphausiids, limpets, annelids and other shrimps.

Pandalid shrimps are subject to a high level of predation, both as
planktonic larvae and as benthonic adults. Virtually any large fish in,
their vicinity is a potential predator. Those noted as feeding on shrimp
include the Pacific hake, Pacific cod, sablefish, lingccd, sole, various
rockfish, spiny dogfish, skates and rays, Pacific halibut, salmon and even
harbor seals (Skalin, 1963; Barr, 1970a; Butler, 1970; and Dahlstrom, 1970).

Pandalid shrimp distribution and range is dictated, to a large degree,
by temperature and salinity tolerances. On the basis of water temperature,
P. borealis and P. jordani_are diametrically opposed, with P. borealis
being concentrated in colder water (Fox, 1972). The other pandalid species
are not so easily delineated. P. goniurus, however, is not found in
appreciable quantities off British Columbia or southward, yet it reaches
its greatest abundance in the western Gulf of Alaska and Gulf of Anadyr on

the Asian coast. P. goniurus is apparently selective toward colder waters.



Butler (1964) reported finding all species but P. goniurus_in temperatures
of 7 to 11°C off British Columbia. Butler’s data does not represent minima
and maxima since Dahlstrom (1970) reports P. jordani from 5.6 to 11.5°C off
northern California. Ivanov (1964b) found fishable concentrations of P,
borealis down to 0.5°C in the Bering Sea and Allen (1959) reported specimens
of P. borealis taken from water 1.68°C off Europe.

Salinity tolerances are more difficult to find in the literature, with
P. jordani having the highest range, 28.7 to 34.60/00(Dahlstrom, 1970), and
P. borealis the lowest, 23.4 to 30.80/00 (Butler, 1964). Ivanov (1963),
however, found P. borealis at 32.340/00 off the Shumagins. The remaining

ranges reported by Butler (1964) are P. hypsinotus, 25.9 to 30.60/00, P.

platyceros, 26.4 to 30.80/00, and Pandalopsis dispar, 26.7 to 30.80/00.

McCrary (1977, personal communication) found ranges to be similar to Butler’s

for southeast Alaska stocks, including P. goniurus.

Diseases.

Little is known about the diseases and parasites of pandalid shrimps.
Yevich and Rinaldo (1971) reported a condition in P. borealis off Maine
termed the black spot ¢ill disease. This disease results in the destruction
of gill lamellae and in the formation of a chitinous growth over the damaged
area producing a black spot. A similar condition was observed by Fox (1972)
and ADF3G staff in a few specimens of P. borealis caught off Kodiak
Island.

Butler (1970) reported the infestation of a male P. platyceros by a
rhyocephalan, Sylon sp., in British Columbia waters. He stated that there

are no records of isopod parasites on P. platyceros. However, Fox (1972)
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reports that most species of pandalid shrimps are parasitized to some

degree by bopyroid isopods_(Bopyrus sp.). McCrary, (1977, personal com- @
munication) has observed P. horealis and P goniurus to be commonly in-

fested by a rhyoccephalon in southeast Alaska and bapyrid isopods to be

common on P. dispar throughout the Gulf of Alaska. The isopods, a large ¢
female and the smaller male together, attach in the gill area. The

shrimp®s carapace then forms around them after molting and produces the

characteristic “bubble”. @

Migration and Local Movement.

Pandalid shrimps are known to undergo migrations onshore-offshore, 9
coastwise, and vertically in the water column. Extensive migrations in
European waters are well documented (Mistakidis, 1957), but less so in the
northeastern Pacific Ocean. q
Migration associated with age has been documented by Berkeley (1930)

for P. borealis, P. hypsinotus, P. platyceros and Pandalopsis dispar.

Freshly hatched larvae were found around or near the vicinity of the spawned #
adults. At about the third stage of development, the larvae were found
segregated in shallower water 9 to 64 m {5 to 35 fathoms) deep where they spent
their first summer. Later, during their first winter, the juveniles joined ¢
the adult population in deeper waters. Dahlstrom (1970), however, states

that juvenile P. jordani are found among the adults throughout their life

cycle. McCrary (1976, unpublished report) reported that P. borealis generallyd
exhibits an inshore to offshore distribution by size, although adults and
juveniles inhabit a wide range of depths, especially from late spring through
early fall. McCrary further reported that adults of all ages are occasion- 4

ally found in commercial quantities in the 27 to 46 m (15-25 fathom) range,
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although it is generally smaller males (1+ and 2+ age groups) that frequent
these relatively shallow waters. ADF&G sampling with try nets over a

broad depth zone by season has indicated that during the Ffirst year of life,
P. borealis is primarily found at depths ranging from about 64 m (35 fathoms)
to over 220 m (120 fathoms). First year shrimp are most abundant at depths
and in the areas where adults are found. Thus, it would appear that the
larval stages are completed and post-larval shrimp aggregate in areas near
the points of larval release by adults. From one to two years of age,
juveniles begin utilizing bottom habitats of 37 to 73 m (20 to 40 fathoms)
-with increasing frequency, although dense aggregations are still found at
depths of 91 to 130 m (50 to 70 fathoms). Utilization of shallower bottom
habitats occurs primarily from spring through fall. During the winter, P.
borealis is generally absent from inner bay waters of less than 30 fathoms
when bottom temperatures may be less than 2°C and ice cover may be present.
At the same time, in middle and outer bays and gullies where northern shrimp
are most concentrated, temperatures may range from 1 to 2°C warmer than inner-
most bays of comparable depth.

A genera? tendency that seems to hold for all pandalid shrimp

encountered during ADFG studies is that pandalids are distributed in

one of two ways: (1) younger age groups shallower, older age groups deeper;
and (2) older age groups offshore, younger age groups inshore. Reasons for
this are suggested by the evidence with regard to salinity and temperature.
Older, sexually mature shrimp, especially ovigerous females, prefer deeper
depth zones where these two parameters are more stable and less variable.
Conversely, the younger individuals, particularly those prior to first
sexual maturity, are tolerant of a broader range of salinities and tem-
peratures and are often abundant in the shallower depth zones where these

two parameters are generally more variable {(McCrary, 1976, unpublished report).
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Area migrations of the adult populations are less well documented.
P. jordani off California are known to exhibit short spawning migrations
during the winter into deeper water and short summer migrations, ostensibly
in search of food {Dahlstrom, 1970).
Diel vertical migrations are common among some pandalids. Many P.
borealis leave the bottom during late afternoon or evening and return to
near, or on, the bottom about dawn in Kachemak Bay (Barr, 1970b). The
period of time that the shrimp remained away from the vicinity of the bottom ¢
varied-directly with the season’s number of hours of darkness. Pearcy (1970)
reported the same phenomenon for P. jordani off the coast of Oregon. He
suggested that diel migrations are related to feeding behavior since the
shrimp fed mainly on euphausiids and copepods which also make diel migrations.
Pearcy also suggested that these movements may be evolutionary protection
and dispersal mechanisms. Chew, et al., (1971) stated that ?. platyceros
exhibited a diel bathymetric distribution after finding high catches in’
shallow water at night in Dabob Bay, Washington, but in deeper water during
the day. ¢
The preceding description of the life history of shrimp was provided

by: McClean, R. F., et al., 1977.
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Harvesting Season

The Alaska shrimp fishery operates on a year-around basis subject to
local closures when total catch has reached predetermined levels. Other
seasonal restrictions include climatic restraints, processing plant capa-
cities, and biological factors including the relatively dispersed dis- °
tribution of the stocks at certain times.” Product quality remains accept-
able throughout the year and the potential for increased harvests in terms
of the MSY's of the various species remains high. The optimal fishery for @
the various shrimp species would occur during the spawning/breeding season

when concentrations tend to be at maximum densities.

@
Causes of Fluctuations in Resource Abundance
Summary q
Trend: Stable to increased catches iIn most areas.
Cause: Presence of healthy population in inshore waters; potential for

harvest of underexploited stocks with the refinement-of methods. @

>
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SCALLOP

Life History

Taxonomy .

The weathervane sea scallop, Patinopecten caurinus, is a member of

the Lamellibranchia clams of the family Pectinidae. Keen (1963) described

i ts taxonomy as follows:

Class: Pelecypoda
Subclass: Pteriomorphia
Order: Pteroconchida
Superfamily: Pectinacea
Family: Pectinidae
Genus: Patinopecten

(formerly known as Pecten [Gould])

Distribution.

Although sma 1 numbers of weathervane sea scallops have been taken in-
cidental to other fisheries from California to Alaska, the major commercial
concentrations of this species are centered in the Kodiak Island and the
Cape Fa rweather to Cape Saint Elias area (Yakutat region) of the Gulf of
Alaska Hennick, 1970a). Trace amounts of scallops have also been dredged
off the lower Kenai Peninsula, Shelikof Strait, and off Montague Island.
Exploratory surveys in the Bering Sea and Alaska Peninsula area have re-
vealed no extensive beds of scallops (Hennick, 1970b). Ronholt and Hitz
(1968) reported that commercial quantities of weathervane sea scallops did
not appear to be present in waters off Oregon. Thus, it appears that the
Kodiak Island and Yakutat areas are the only regions that can support com-
mercial exploitation of scallops in the Gulf of Alaska.

Exploratory surveys, largely conducted by the National Marine Fishery
Service, have indicated that weathervane sea scallops are most abundant in
depths of between 55 and 128 m (30 and 70 fathoms) (Alverson, 1968). Gravel

and sand, with some mud, is typical of Alaska scallop beds (Hennick, 1973).



The three major commercial scallop beds in Alaska may be described

as follows (Hennick, 1973):

AREA 1

AREA 11

AREA 111

Sexuality.

Yakutat, between Cape Saint Elias

and Cape Spencer. Primarily mud-
sand-clay or silt overburden. Pro-
ductive areas between 30 and 60 fathoms
in depth, 20 to 40 miles offshore.

Westside Kodiak Island, between Cape
Skolik to Afognak Island including

that area of the Alaska Peninsula
bordering Shelikof Strait adjacent to
Kodiak Island proper. Primarily gravel-
sand-mud or silt bottom. Productive
areas 30 to 70 fathoms within three
miles of shore.

Albatross, Marmot, Portlock Banks.
Primarily rock, gravel, and sand
bottoms. Productive areas between
25 to 75 fathoms, extending inshore
and out to 50 miles or more offshore.

The weathervane sea scallop is heterosexual and sexually dimorphic.

The sex of mature adult scallops can be distinguished by the characteristic

white coloration of the testes and the bright orange of the ovaries (Hennick,

1970a). There are no superficial characteristics that indicate the sex.

Maturity.

Scallops are aged by counting the growth rings, or annuli, on the shell.

Although this method may not always provide the correct age, especially with P

older scallops, it gives a good estimate of age for younger scallops.

conducted in the Yakutat and Kodiak areas indicate

scallops attain sexual maturity at age three and that all scallops at age

four are mature (Hennick, 1970a).

In addition, Hennick found that most

scallops which exceed 100 mm in shell height are sexually mature.

Studies

that most weathervane sea



Mating.

Studies conducted by Hennick (1970a) indicate that weathervane
sea scallops spawn only once annually. The spawning period normally
occurs during June and ear” y July and is apparently triggered by
rising water temperatures. The sexes are separate and fertilization
occurs externally. As the eggs and spermatozoa ripen, they are re-
1 eased through the kidney and are expelled into the water where

fertilization Is a random occurrence.

Fecundity.
No information is available in the literature describing the fecundity

of weathervane sea scallops.

Eggs and Larvae.

After fertilization occurs in the open water, the eggs settle to the
bottom and become attached to objects in the substrate. Hatching occurs
within two to three days time {(Hennick, 1973). Development is dependent
upon water temperature, with higher temperatures producing faster growth.
The larvae at this stage are capable of swimming and become planktonic,
drifting with the tides and currents. During this planktonic stage, meta-
morphological changes take place and within two and one-half to three weeks
the larvae settle to the bottom substrate and assume an adult form (Hennick,
1973) .

Mortality is high during the larval stage, both from environmental
factors and predation. Planktonic feeders, both fish and shellfish, in-

cluding adult scallops, feed upon the drifting planktonic scallop larvae.



Juveniles.

Complete basic studies on the life history cycle of weathervane sea PY
scallops have not been conducted, especially in the juvenile stage. Hence,
little information is available for this life stage. Based on studies of
sea scallops elsewhere, however, the following observations can be made. PY
After the larva settles to the bottom, the juvenile scallop may attach it-
self to the bottom, move around through the use of the foot appendage which
later becomes residual, or swim. The juvenile at this stage is 1ept0cepha1us<.

or transparent. Within a few months, pigmentation of the shell takes “place

and the animal appears identical to the adult form.

Adults.

After reaching sexual maturity at about three to four years of-age,
weathervane sea scallops continue to grow. Studies conducted by Hennick e
(1973) indicate that growth is more rapid during the first 10 to 11 years,
then tends to slow as age advances. The meats of old, aged scallops
actually tend to decrease in weight (Hennick, 1973). In light of this
growth phenomena, weathervane sea scallops should ideally be harvested
between seven and eleven years of age, both from a biological and economic
viewpoint. p

There is little documented information on the longevity of weather-
vane sea scallops. Exploratory surveys and commercial catch data indicate
a scarcity of scallops over 15 years of age. However, Hennick (1973) re-
ported scallops recovered with as many as 28 annual rings.

The growth rate of weathervane sea scallops is subject to regional
differences. Based on Hennick's (1973) studies, the meat of scallops <

from the Yakutat area at a given age are much smaller than that from



gither of the Kodiak Island areas. Additionally, scallops from the Marmot,
Albatross, and Portlock areas of Kodiak Island are the largest at any given
age of all scallops in the Gulf of Alaska. This phenomena is of great
importance to the commercial fishermen as scallops from the Kodiak area have
average meat weights nearly twice as large as those from the Yakutat area,
meaning only half as many need be handled in order to obtain the same volume
of salable product.

W{eathervane sea scallops are planktonic filter feeders, consuming
bottom detritus and drifting plankton. The opening and closing of the valves
draws water into the mantle cavity. The circulation of water within the
mantle cavity and gill areas provides a food source and enables respiratory
functions to occur.

It is interesting to note that scallops are the only bivalve malluscs
capable of swimming {(Hennick, 1973). This is accomplished through relaxation
of the adductor muscle, causing the valves to part and draw water into the
mantle cavity. The scallop then rapidly contracts the large adductor
muscle forcing water out. Rapid repetition of this function enables the
scallop to rise off the bottom and essentially swim.

Predation is often high on weathervane sea scallops, with the major

predators including cod, plaice, wolffish, and starfish.

Disease.

Hennick (1973) reported the presence of marine boring worms on the
shells of weathervane sea scallops from the Yakutat region. Nearly all
of the scallops were heavily infected. However, infestation by marine

boring worms in the Kodiak region is rare.



jgggtion and lLocal Movement.

Little information is available concerning the migrations and local ®
movements of weathervane sea scallops. Adult scallops are capable of in-
dependent movement, but the extent or direction of any movement is not known.

The preceding description of the life history of the weathervane sea ®
scallop was provided by: McClean, R. F., et al., 1977.

Alverson, D. L. 1968. Fishery resources in the northeastern Pacific

Ocean. In the Future of the fishing industry of the United States. ®

Univ. of Washington publications in fisheries-New Series. 4:96-97.
Hennick, D. P. 1970a. Reproductive cycle, size at maturity, and sexual

composition of commercially harvested weathervane scallops, &

Patinopecten caurinus in Alaska. J. Fish. Res. Bd. Canada 27:2112-2119.

Hennick, D. 1973. Sea Scallop, Patinopecten caurinus, investigations in

Alaska. Completion report Commercial Fisheries Research and 9
Development Act, Project No. 5-23-R.
Keen, M. A. 1963. Marine molluscan genera of western North America. Stanford
Univ. Press. 126 p. 9
Ronholt, L. L. and C. R. Hitz. 1968. Scallop explorations off Oregon. Comm.

Fish. Rev. 30(7):42-49,



Harvesting Season

The scallop fishery in the eastern region of the Gulf of Alaska is
principally managed on a year-around.open season basis with a minimum size
required for retention. The western region is marked with similar size
restrictions and with seasonal and area closures to protect valuable crab
resources from incidental damage.

It would be difficult to fix an optimal season for this species
because of chronic recruitment failures and the complication of incidental
damage to other resources through the use of scallop dredges. However,
because the adductor muscles remain at nearly constant weight and quality
through the year, it would seem that the timing of the season would most
likely occur during lulls in other fisheries and when appropriate weather

conditions were present.

Causes of Fluctuation in Resource Abundance

Summary
Trend: Continued low level of production.
Cause: Recruitment overfishing and depletion of fishing grounds;

chronic poor recruitment considered a general problem; closure
on some grounds to protect vulnerable crustacean resources;

failure to locate new Tfishing grounds.



RAZOR CLAM

Life History

Taxonomy.

The razor clam, Siliqua patula, is a member of the Lamellibranchia

clams of the family Solenidae. Nosho (1972) described its taxonomy as

follows:
Phylum: Mollusca
Class: Lamellibranchia
Family: Solenidae
Genus: Siliqua
Species: S. patula
Distribution.

The razor clam is found from Pismo Beach, California, to the Bering
Sea (Amos, 1966). It occurs in commercial quantities from Tillamook Head,
Oregon, to the western end of the Alaska Peninsula. In Alaska, commercial
stocks are found on the shores of Cook Inlet, Qrcas Inlet, the Copper
River delta near Cordova, and the mainland side of Shelikof Strait.

Razor clams are found intertidally to several fathoms in depth on the
sandy ocean beaches of the open coast. Fine sand with some glacial silt,
as found at Karls Bar located at Orcas Inlet near Cordova, is typical of
Alaska clam producing areas (Weymouth and McMillan, 1931). Near Kodiak,
the large beds at Swickshak and Hallo Bay consist of fine sand, volcanic
ash and some glacial mud. In Cook Inlet, razor clams are found in sub-
strata varying from almost entirely coarse white sand (Deep Creek area)
to a fine sand-clay-gravel mixture at Clam Gulch (McMullen, 1967).

Razor clams may be found in the mouths of coastal harbors, but
growth is usually inferior in these locations. They are not found in

enclosed bodies of water,



Sexuality.

The razor clam is heterosexual and sexually dimorphic. However,
only through examination of the gonads is it possible to tell the sex
of the clam. There are no superficial characteristics that indicate
the sex. Examination of the contents of the gonads reveals a marked
difference between sexes. The female ova have a granular appearance,

in contrast to the viscous homogeneous mass in which the sperm is found.

Maturity.

Razor clams are aged from growth rings on the shell. Although the
method may not always provide the correct age, especially with older clams,
it gives a good estimate of age for younger clams. In addition, accurate
aging is hindered by the presence of summer growth checks {false annuli)
on the shell which, it is believed, are caused by disturbed growth through
tidal action.

Razor clams in the northwest Pacific reach sexual maturity after two
or more years, or a shell length of approximately 100 mm (Nosho, 1972).
Razor clams of the northern beds do not reach sexual maturity until much
later. Clams of the Swikshak and Cordova beaches do not mature until
their fifth and sixth years, respectively (Weymouth and McMillan, 1925).
However, Cook Inlet clams appear to grow much faster, reaching maturity in

their third year (McMullen, 1967).

Mating.

Spawning occurs in the spring or summer when rising water temperatures
reach 130C(Nosho, 1972). In Alaska, this usually occurs in July. Studies
conducted in Prince William Sound indicate that spawning timing can be

computed by monitoring the cumulative maximum daily water temperature



(personal communication with Richard Nickerson, ADF&G, Cordova, 1975).
Razor clams spawning occurs when the cumulative maximum daily water tem-
perature reaches 1,350 temperature units; with the cumulative total com-
puted by summing the daily maximum degree units above or below OOC(32°F)
from January 1 on. The 50 percent spawning level is generally reached
when the cumulative total reaches 1,500 temperature units.

Spawning occurs for several weeks as eggs and sperm ripen and are
discharged through the excurrent siphon. Fertilization occurs in the open

water with surf action mixing the eggs and sperm.

Fecundity.

The number of eggs carried by the female razor clam ranges between

six to ten million eggs annually (McMullen, 1967).

Eggs and Larvae.

After fertilization occurs in the open water, the eggs hatch into
larvae within a few hours to a few days. Development is dependent upon
water temperatures, with higher temperatures producing faster growth rates.
The larvae exists as free swimming veligers (ciliated larvae) for five to
sixteen weeks (Oregon Fish Commission, 1963). After the veliger stage, the
young clams develop a shell and settle to the bottom where they “set” into
the top layer of sand upon reaching an average shell length of 13 mm
(Tegel berg, 1964). In years of heavy setting, as many as 1,000 to 1,500
young clams per 929 square cm (square foot) of beach may be found.

Mortality is extremely high during the larval stage. The pelagic
larvae are subjected to a high level of predation by planktonic feeders.

Unfavorable currents may also carry the larvae away from desirable habitats.



Juveniles.

After settling to the bottom, juvenile growth is slow throughout
the fall and winter. Growth accelerates during the spring and summer
with warmer waters and increased food supply. After the first winter,
young clams reach a length of about four-fifths of an inch in the Cordova
district. An average length of 2 cm (four and one-half inches) is attained
in three and one-half years in the southern beds as compared to six and one-
half years in the Cordova region (Amos, 1966).

The growth rate varies with locality. In Alaska, initial growth
rate’ is slower than in the northwest states; however, after several
years, the relative growth rate is higher (Weymouth and McMillan, 1931).
Generally, razor clims have a larger final size and grow older in the

northern beds than n the southern beds.

Adults,

The maximum age for razor clams is highly variable with clams of
the northern beds living longer than those of the southern beds. Clams
collected at Pismo Beach, California, do not exceed five years in age,
while Washington clams grow up to nine years. In Alaska, ages up to
19 years have been recorded {Weymouth and McMillan, 1931).

Adult razor clams live in the intertidal zone where they lie buried
in the sand with their necks, or siphons, protruding above the surface.
During the low water stages, when the clams are exposed, their siphons
are covered with a thin layer of sand which makes detection of the clams
difficult. The clams can move through the sand very rapidly, averaging
several feet per minute. Their unusual ability to move so fast is due
to their foot, which is an effective burrowing organ. In digging, the

foot of the clam is projected half the length of the shell and pushed

} [l
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into the sand. Below the surface the tip of the foot expands forming a
strong anchor. Then the foot muscles contract pulling the clam downward.
The clam can repeat this movement in rapid succession. It has been

observed that clams laid on the top of the sand have buried themselves

completely in less than seven seconds (Loosanoff, 1947). ¢

Razor clams are filter feeders, consuming bottom detritus and drifting
plankton. Food particles are brought in along with water through the in-
current tube. Small hairlike structures (cilia) on the gills filter the ¢
food particles out. The food particles are then passed to the sensitive
palps near the mouth for sorting, and are then ingested.

Predation 1is often high on razor clams, with the major predators ¢
including starfish, crabs, rays, octopus, and starry flounders.

e

Disease.

As with all animals, razor clams are subject to disease. Marine .
bacteria and fungi are often injurious to clam larvae. In addition, razor
clams are also subject to the problem of paralytic shellfish poisoning (PSP), e
as are all bivalve molluscs. PSP is associated with plankton blooms and

is properly called Gonyaulax poisoning (Hayes, 1967). The causative

organisms are believed to be the dinoflagellates _Gonyaulax_catenella and ¢
G. acatenella. The toxin is accunulated as a direct result of feeding on
these organisms. PSP is extremely toxic and is one of the most potent
materials known to man. The poison is a metabolic product of the dino- ¢
flagellate. It is believed that PSP directly affects the nerve and muscle
membrane, blocking the passage of nervous impulses, and eventually resulting

q

in paralysis of the diaphragm and death by suffocation if enough toxin

is ingested.



Razor clams, unlike other molluscs, do not retain the toxin over a
long period of time. The toxin is rapidly eliminated from the tissue by
normal metabolic activity. In addition, the toxin does not build up to
high levels in the tissue, but is concentrated in the digestive tract.
Thorough cleaning and removal of the digestive tract will remove most,

if not all, of the toxin.

Migration and Local Movement.

Little is known concerning the migrations and local movements of

razor clams. At the present, there is Tittle evidence that razor clams

nove horizontally or migrate between areas. However, heavy surf action

along exposed beaches is often responsible for the movement of razor clams

laterally along the beach as well as onshore-offshore movements.
The preceding description of the life history of razor clams was

provided by: McClean, R. F., et al., 1977.

Amos, M. H. 1966. Commercial clams of the North American Pacific coast.
U.S. Fish and Wildl. Serv. Circ. 237. 18 p.

Baxter, R. 1965. The clam resource of Alaska. Pages 3-4 in W. A. Felsing,
Jr.  1965. Proceedings of joint sanitation seminar on North Pacific
Clams, Sept. 24-25, 1965. U.S. Public Health Service and Alaska
Dept. of Health and Welfare.

Baxter, Rae E£. 1971. Earthquake effects on clams of Prince William Sound.
Pages 238-245 in The Great Alaska Earthquake of 1964, Biology volume.
Published 1971 by the National Academy of Sciences.

Hayes, M. 1967. Review of the shellfish toxicity problem in Alaska waters.
Page 2 in E. Haynes and J. McCray. Minutes of the first Alaskan shell-
fish conference, May 23-26, 1967. Alaska Dept. Fish and Game, Info.

leaflet No. ?06.



Loosanoff, U. L. 1947. Commercial clams of the Pacific coast of the
United States. V. L. Bur. Fish and Wildl. Fish leaflet No. 223.
McMullen, J. C. 1967. Some aspects of the life history of razor clams

Siliqua patula (Dixon) in Cook Inlet, Alaska. Alaska Dept. Fish and

Game, Info. leaflet No. 110. 18 p.

Nosho, Terry Y. 1972. The clam fishery of the Gulf of Alaska. Pages
351-360 in Donald H. Rosenberg. 1972. A review of the oceanography
and renewable resources of the northern Gulf of Alaska. University
of Alaska, Institute of Marine Science.

Oregon Fish Commission. 1963. Razor clams. Educ. Bull. 4, Portland,
Oregon. 13 p.

Quale, D. B. 1970. Intertidal bivalves of British Columbia, British
Columbia Prov. Mus. Dept. Educ., Hand. No. 17.

Tegelberg, H. D. 1964. Growth and ring formation of Washington razor
clams. Wash. Dept. Fish., Fish Res. Papers 2(3):69-103.

Weymouth, F. W. and H. ¢, McMillan. 1931, Relative growth and mortality

of the Pacific razor clam Siliqua patula (Dixon) and their bearing on

the commercial fishery. U.S. Eur. Fish., Bull. No. 46. 543-567 r.
Weymouth, F. W., H. C. McMillan and H. B. Holmes. 1925. Growth and age

at maturity of the Pacific clam, _Siliqua patula (Dixon) U.S. Bur.
Fish., Bull. No. 41. 201-236 p.,



Harvesting Season

The present razor clam fisherylis managed without seasonal or area
closures in certified areas. Certified beaches are three in number and
include Pony Creek (Cook Inlet), Copper River Flats (Prince William Sound),
and Simkshall (South Peninsula), and it is only from these that clams can
be harvested for human consumption. All other beaches are suspected of
paralytic shellfish poisoning and only can be used for bait purposes such
as in the Dungeness crab fishery after being dyed with vital stains.

In addition to the constraints placed on the clam industry by the PSP
regulations, other chronic problems include the lack of skilled diggers,
aggressive eastern clam competition, slow development of mechanical digging
devices, and the effects of the 1964 earthquake, particularly in Prince
William Sound. The industry has also been plagued by local overharvesting
leading to depletion and is now confronted with recreational harvesters
whose demands approach the MSY's of some areas. The ultimate solution of
PSP and mechanical harvester problems coupled with the continued decline of
Washingten clams may do much to revive this industry.

The timing of the optimal season for razor clams would occur some time
following the beginning of the primary production cycle. Meat quality is
significantly improved during these times. Production would be facilitated
through the use of mobile mechanical devices or dredges which could operate

somewhat independently of tides.

s
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Causes of Fluctuation in_ Resource Abundance P
Summar

Trend: Industry being re-established, present trend uncertain. e
Cause: Fishery plagued by economic problems rather than problems of

abundance; three Alaskan beaches certified safe for commercial
harvest, yet market difficulties, problems with the development of .
mechanical harvesters, and seasonal labor shortages have depressed
development; in early years of industry, depletion of major clam

beds occurred because of poor distribution of harvest and re- q

cruitment failures.



Acclimatization

Amphipod

Anadromous

Anomuran

Autochthonous

Autotroph

Barbel

Bathymetric

Bathypelagic

Benthic

Benthopelagic

Benthos

Biomass

Bopyroid

Carapace

Carrying Capacity

Glossary of Biological Terms

Adjustment of an organism to a new or strange
environment.

Belonging to large order of Crustacea; most
species marine, burrowing or moving about on
bottom or in bottom debris.

Species spawning in fresh water that make some
or most of their growth during a vist or visits
to the sea.

Pertaining to one of three suborders in the
crustacean section Reptantia: includes
hermit crabs, sand crabs, and related forms .

Organisms or materials arising in the same
environment.

Plants and other organisms capable of con-
verting inorganic matter into organic forms
via photosynthesis.

Fleshy projection found below the lower jaw,
under the snout, and around the mouth of
certain animals particularly fish.
Pertaining to the depth of a body of water.

Species living in the water column between

approximately 1000 and 4000 m or at the 49C isotherm.

Pertaining to the benthgs, or to the bottom in a
pelagic area.

Species varying their habitat seasonally between
the bottom and the near-bottom portion of the
water column.

Bottom-dwelling (benthic) organisms.
The total wet weight of all living organisms or
of a particular organism beneath a unit surface

area of water or in a specified volume of water.

Pertaining to a genus of Isopods; parasitic
on marine crabs.

Exoskeleton plate covering the head and thorax.
Maximum quantity of fish or other organisms that

a particular habitat can support for an extended
period of time.



Continental Rise

Continental Slope

Contranatant

Copepod

Demersal
Denatant .

Density-dependent

Density-independent

Detritus

Diatom

Diel

Dimorphism

Enhancement

Epilimnion

Estuarine

Fecund

Gravi d

Homoiotherm

Hypolimnion

Gradually sloping bottom between the steep
continental slope and the abyssal plain.

Steep slope seaward of the edge of the con-
tinental shelf.

Moving against prevailing current; applied to ¢
return migration of adult fish to upcurrent
spawning locations.

Belonging to the crustacean subclass Copepoda;
important component of zooplankton.

Benthic; dwelling on or close to the bottom.
Pertaining to movement with prevailing currents.

As applied to life histories, mortality factors
of the environment whose severity is dependent e
upon the density of the population.

As applied to life histories, refers to mortality
factors of the environment whose severity is not
dependent upon the density of the population.

Finely divided organic matter from animal and
plant remains.

Unicellular plant which is a principle component
of the plankton.

Referring to the twenty-four hour day as opposed
to the hours of sunlight.

Marked difference between the sexes of an organism.

Referring to projects that attempt to increase the ,
size of fish populations.

Portion of the water column lying above the thermo-
cline.

Pertaining to a protected body of water in which <
the salinity departs significantly from the
adjacent sea or ocean.

Referring to the fecundity of an organism; re-
productive potential as indicated by the number of
mature ova present in the mature organism. q
Possessing mature gonads.

Animal having a relatively constant body temper-
ature regardless of the temperature of its environment

Portion of water column lying below the thermqgljne

A rin



Isopleth

Isopod

Isotherm
Krill
Lamella

Littoral

Neritic

Parr

Pelagic

Percoid

Phototaxis

Phytoplankton

Planktonic

Poikilotherm

Polyclad
Productivity

Protandric

Recruitment

Redd

Riffle

Smo 1t

Contours that delimit the values of a dependent
variable plotted against two other variables.

Belonging to a major crustacean order; most commonly
found in bottom debris; some parasitic representatives.

Contour of equal temperature.
Common name for euphausiids.

Any thin, platelike structure.

In the sea, the shallow portion of the bottom extending
from the shoreline to a depth of 200 m.

All waters over the continental shelf,

Young salmon or trout in fresh water before reaching
the migratory or smelt stage.

0f or pertaining to the open waters of the sea, parti-
cularly where the water is more than 20 m. deep.

Pertaining to a very large sub-order of bony fishes;
worldwide in distribution; many Alaskan species included.

Behavioral movement response of an animal to light;
positive phototaxis refers to movement towards light.

Members of the plankton community capable of photosynthesis.

Pertaining to the planktoen; plankton are organisms generally
incapable of moving against prevailing water currents.

Cold-blooded vertebrate in which body temperature fluctuates
widely in harmony with external temperature.

Belonging to a class of marine Turbellaria.
Yield of organisms in a particular body of water.

Referring to arganisms capable of changing sex during a
particular developmental stage as a normal life process.

The advancement of a juvenile organism to sexual maturity
or the development of an organism to the point where it
becomes available to commercial exploitation.

Nest dug in gravel bottom by a salmanid fish.

Pertaining to the stream section referred to as the rapids.

Juvenile salmonid capable of movement to and existence in
estuarine and marine environments.



Spent

Stenohaline

Thermocline

Trophic

Year-class

Zoea

Zooplankton

Pertains to fish which have recently spawned and
which, as a consequence, are either temporarily e
or permanently physiologically depleted.

Lacking in ability to withstand wide changes in
salinity.

Portion of water column in which rapid change in .
temperature with increasing depth encountered;
between hypolimniaon (below) and epilimnion (above)

1 ayers.

Energy levels; refers to organization of organisms
to discrete levels based on food or energy pro- ,
duction specializations.

All the progeny of the reproduction from any
particular year class.

Larval stage in some crustaceans. e

Animal components of the plankton primarily
dependent upon phytoplankton for food.
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This appendix is an overview of the Alaska commercial fishing industry.

It serves as a reference to the development, market characteristics, and e
statistics of the industry and the governmental environment in which the
industry operates, and it serves as a basis for determining the market

and governmental environments that are expected to exist during the fore- °

cast period of 1980 through 2000.

The sections include a brief discussion of the relative importance of °
individual fisheries, an overview of fishery development by species, and
a discussion of the market and governmental environments shared by many

Alaska fisheries. ®

Alaskan Fisheries in Perspective

Alaska has a number of important commercial fisheries; included among

these are salmon, halibut, herring, groundfish, king crab, Tanner crab,

and Dungeness crab, shrimp, clam, and scallop fisheries. These TfTisheries
provide employment in Alaska as well as in other areas of the U.S. and

abroad. Due to the lack of adequate markets in Alaska, a very small pro-
portion of the output of the Alaska Seafood industry is consumed in the e

state and much of that which is, is at least partially processed elsewhere.

Since the late 1800s, salmon has been the dominant Alaska fishery, however, P
between 1961 and 1974, the absolute and relative importance of the shellfish
fishery, in particular shrimp, king crab, and Tanner crab increased dramaticall}

e
The Alaska groundfish fishery which is just beginning to develop, has the

potential of becoming a dom nant Alaska fishery. To date, however, the

o)



groundfish resources off the coasts of Alaska have been almost
exclusively harvested by foreign fishing vessels. For this reason,
groundfish are excluded from the following tables which summarize the

relative importance of various fisheries.



{h:

King Salmon
Red Salmon
Coho Salmon
Pink Salmon
Chum Salmon
A1l Salmon
Halibut
Herring *

A1l Finfish 3
King Crab
Dungeness Crab
Tanner Crab
Shrimp

Razor Clams
Scal lops*

AIl Shellfish®
All Fish®

TABLE . |

COMPARATIVE CATCH STATISTICS 1961 - 1977

Average Catch

(in 000's)
VALUE *
10,075 $4,116
71,216 18,112
13,719 4,204
98,691 14,188
45,465 7,055
239,161 47,675
38,180 15,878
25,400 853
299,752 64,407
87,765 18,714
7,256 1,454

24,919 2,588
62,296 3,330
214 50

559 640
183>010 26,777
482,762 91,184

! Value data are for 1961 - 1975 only.

“All

the herring data is for 1961 - 1975 only.

Range of Catch

(in 000°s)

POUNDS VALUE®
6,942 - 12,042 $2,243-$ 7,880
32,246 - 150,812 7,644 - 37,249
7,128 - 20,968 1,997 - 8,678
28,822 - 162,866 3,241 - 22,093
22,668 - 64,823 2,377 - 17,716
131,603 - 346,465 24,631 - 67,975
16,490 - 57,218 10,382 - 21,020
7,418 - 49,465 81 - 4,130
186,955 - 404,708 36,300 - 85,552
43,412 - 159,202 3,914 - 44,702
1,177 - 13,242 442 - 3,427
o - 98,329 0 - 13,052
7,727 - 128,975 309 “ 11,001
32 - 926 8 - 120
o - 1,888 o “ 1,606
64,918 - 317,315 5,116 - 69,646

376,303 - 595,869

‘For the purposes of this table, finfish include salmon, halibut, and herring.

53,800 - 153,038

* The averages have not been adjusted to reflect the fact that this fishery did not exist prior to 1967.

°For

5 A11 fish

Source:

include finfish and shellfish as defined above.

ADF&G Statistical Leaflets for various years:

the purposes of this table, shellfish include king, dungeness, and tanner crab; shrimp, scallops
and razor clams.



TABLE &. a
THE ALASKAN FINFISH AND SHELLFISH FISHERIES

CATCH PRICE
(in 000°s) ($’s per

YEAR POUNDS VALUE pound)
1961 430,479 $54,595 $0.13
1962 448,355 68,355 0.15
1963 413,236 53,800 0.13
1964 511,979 64,121 0.13
1965 508,945 80,989 0.16
1966 595,869 90,146 0.15
1967 376,303 54,521 0.14
1968 473,940 87,756 0.19
1969 407,571 83,190 0.20
1970 550,389 106,077 0.19
1971 481,708 91,133 0.19
1972 431,796 98,912 0.23
1973 462,420 153,038 0.33
1974 459,366 148,680 0.32
1975 440,490 132,434 0.30
1976 581,458
1977 632,646
1978
Average 482,762 91,184

Source: ADF&G Statistical Leaflets for various years.



TABLE ¥.3
THE ALASKAN FINFISH FISHERY IN PERSPECTIVE

CATCH PRICE PERCENTAGE OF TOTAL SHELLFISH
(in 000's) ($'s per AND FINFISH CATCH

. YEAR POUNDS - VALUE pound) VALUE POUNDS
1961 365,561 $49,479 $0.14 90.6 84.9
1962 368,942 61,265 0.17 89.6 82.3
1963 306,876 44,178 0.14 82.1 74.3
1964 404,708 54,141 0.13 84.4 79.0
1965 351,473 66,481 0.19 82.1 69.1
1966 403,377 72,574 0.18 80.5 67.7
1967 194,926 36,300 0.19 66.6 51.8
1968 331,709 59,918 0.18 68.3 70.0
1969 277,505 61,317 0.22 73.7 68.1
1970 398,303 85,551 0.21 80.7 72.4
1971 298,311 65,108 0.22 71.4 61.9
1972 236,575 66,732 0.28 67.5 54.8
1973 196,150 83,392 0.43 54.5 424
1974 186,955 82,653 0.44 55.6 40.7
1975 193,518 77,003 0.40 58.1 43.9
1976 264,143 45.4
1977 316,754 50.1
1978

Average 299,752 64,407

Source: ADF&G Statistical Leaflets for various years.
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TABLE .Y
THE ALASKAN SHELLFISH FISHERY IN PERSPECTIVE
CATCH PRICE PERCENTAGE OF TOTAL SHELLFISH
(in_ 0007s) ($’s per AND FINFISH CATCH
YEAR POUNDS —VALUE pound) VALUE POUNDS
1961 64,918 $5,116 $0.08 9.4 15.1
1962 79,413 7,090 0.09 10.4 17.7
1963 106,360 9,622 0.09 17.9 25.7
1964 107,271 9,980 0.09 15.6 21.0
1965 157,472 14,508 0.09 17.9 30.9
1966 192,492 17,572 0.09 19.5 32.3
1967 181,377 18,221 0.10 33.4 48.2
1968 142,231 27,838 0.20 31.7 30.0
1969 130,066 21,873 0.17 26.3 31.9
1970 152,086 20,525 0.13 19.3 27.6
1971 183,397 26,025 0.14 28.6 38.1
1972 195,221 32,180 0.16 32.5 45.2
1973 266,270 69,646 0.26 45.5 57.6
1974 272,411 66,026 0.24 44 .4 59.3
1975 246,972 55,430 0.22 41.9° 56.1
1976 317,315 54.6
1977 315,892 49.9
1978
Average 183,010 26,777

Source: ADF&G Statistical Leaflets for various years.



An Overview of Development by Fishery

SALMON °

Development and Market Structure

No other fishery can rival the importance of salmon in the development
of Alaska. Much of Alaska’s colorful past has depended heavily upon boom °
or bust ventures, and the salmon fishery, in a broad sense, has fulfilled
this pattern. Though a viable commercial enterprise for over 100 years, it
remains to be seen if salmon will ever again be present in Alaskan waters
in the magnitude of the late 1800s and the first 30-Plus years of the
?900s. As happens with many natural resources, the Alaskan salmon stocks
were severely over-exploited for a number of years before effective steps °
were taken to protect them. Though many recognized that the fishery was
not well managed, various political and other influential concerns prevailed,
and overfishing resulted until well after the demise of the fishery was °
evident. Not until the State of Alaska assumed management of the salmon
shortly after statehood were conscientious attempts made to assure the
maintenance of a stable yield, and hopefully, a resurgence of stocks. o
Salmon are known to have provided sustenance to various groups of
Alaska Natives for hundreds of years. It has been estimated that, at one
time, over 75,000 Natives resided within the salmon area of Alaska. How- @

ever, as various non-Native groups became interested in Alaska for its

wealth of resources, the Natives” lifestyles were altered and the main

importance of salmon shifted to the raw resource for a growing industry. 4
The oldest salmon cannery\in Alaska is located at Klawak, on the

western side of Prince of Wales Island, between Wrangell and Howkan. A

saltery had been located-at Klawak until 1878, when it was purchased by the q

North Pacific Trading and Packing Company, and a cannery was constructed

- o
“s i



the same year. The original cannery remains operable to this day. By the
end of 1878, one other cannery had been built in Alaska.

As the salmon stocks were found to range from Southeast Alaska to the
Chukchi Sea, the salmon fishery developed in a very dispersed manner. 0On-
board refrigeration was in its infancy, therefore, the distance fishermen
and tenders could range from a processing plant and still deliver a quality
product was limited. This situation required that the processors locate
within reasonable proximity of the catch areas and led to a rapid increase
in the number of canneries.

This unique need for so many canneries drew investment capital from
many sources, and resulted in diverse and often absentee ownership. How-
ever, iIn 1893 a group known as the Alaska Packers Association was formed.
The resultant amalgamation put approximately 90 percent of the canneries
and 72 percent of the total Alaska salmon output under the control or
ownership of one firm, and left a fluctuating number of other less powerful
and financially secure canneries to process the remainder of the pack.
Through the years Alaska Packers Association’s total dominance was broken as
other firms grew and consolidated. However, the industry is still char-
acterized by a few dominant firms controlling a large portion of the pro-
duction and many smaller operators regularly enter and leave the industry.
By 1959 six firms owned 50 percent of Alaska’s salmon canneries and produced
53 percent of the total output. [In 1978 the basic structure of the salmon
processing industry remains unchanged.

The major change that has occurred during the life of the fishery is
that processors have exercised increasingly less control over the salmon

resource. Alaska’s distance and remoteness from major population centers



and markets coul d be turned to the advantage of financially powerful
canneries. Alaska was too far away for most west coast fishermen or
processing laborers to undertake the journey on a yearly basis to a fishery
lasting only a few months. There was usually no other work available in
the area after the Tfishery closed, preventing these people from remaining
in Alaska year around. To remedy this problem, canneries recruited fisher-
men and cannery workers from along the west coast and provided transpor-
tat on to the fishing areas. The canneries furnished the fish' ng vessels
and gear and provided living accommodations for everyone. The capital
necessary for operations of this type was immense. Firms large enough to
undertake such a venture gained direct control over much of their raw
resource, greatly enhancing their position when bargaining with independent
fishermen or competing with other processors. Until the 1930s for most of
Alaska, and until 1951 for Bristol 8ay, fishing vessels owned by individuals,
whether Alaska residents or not, were the exception.

One of Alaska’s Tfirst legislative actions upon becoming a state in
1959 was banning the use of fish traps by canneries and commercial fisher-
men. Though the banning was claimed to be primarily a resource conser-
vation move, the economic ramifications were probably equally as signifi-
cant. The traps” efficiency far surpassed that of any other gear ever
devised, and together with company-owned fishing fleets provided the
canneries almost exclusive control of the resource. Nearly S0 percent of
the traps were controlled by canneries, accounting for over 40 percent of
the total salmon catch, and almost 25 percent of the catch during their
last year of use. Abolishment of the fish traps immediately diminished the

bargaining power of firms which formerly maintained nearly total control of



their resource procurement. The canneries”’ loss of control of the salmon
resource, due to loss of the fish traps and the passing of company-owned
fishing fleets, placed new emphasis on the importance of independent fisher-
men. The trend toward less control of the resource by companies was re-
inforced when salmon became a limited entry fishery in 1975. Limited entry
regulations specify that permits can only be held by individuals. The
fishing privilege must be utilized by the owner of the permit, and can-
neries and other companies cannot be issued or purchase a permit.

During the early years of the Alaska salmon fishery, production grew
steadily (Figure 2.| ). New salmon areas were fished, more fishermen and gear
entered the fTishery and more efficient gear was developed. The abundance
of salmon and good fishing areas were so great that increased production
was assured simply by expending a little more effort.

However, the steadily increasing production tended to over-shadow
several other important developments. With the exception of brief deviations,
the number of salmon fishermen increased from the birth of the fishery
until the 1970s. The original abundance of salmon produced ever-increasing
yields as new areas and stocks of salmon were fished. But as. early as
1910, the average catch per fisherman began to decrease. The increasing
effort managed to offset the decreasing catch per effort until after the
peak production of 1936. After this peak, not even increased fishing
effort could bolster production to former peak levels. The salmon stocks
had been depleted too severely to maintain high production at any level
of effort. Just as the salmon industry had rapidly and steadily “boomed”
into a giant among west coast fisheries, it experienced a “bust” starting
after 1936, which extended through the 1950s, and from which the industry

has never fully recovered.
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Due largely to the lack of regulation of the salmon fishery, another
phenomenon occurred that compounded the resource abundance problem of the
declining fishery. A steady demand for salmon maintained lucrative prices
which enticed more fishermen into the fishery. Though average catch per
fisherman continued downward, the increasing value per unit of catch kept
the fishery profitable. Therefore, as the number of salmon decreased,
economic reward caused fishing effort to increase, further depressing the
stocks.

The Alaska salmon fishery entered a new era when Alaska became a state
and obtained control of its fisheries from the federal government. The
state established closely-controlled fishing seasons, gear regulations, and
guotas. But having received control of its fisheries in 1960, the year
after the smallest salmon pack since 1900, state regulatory agencies faced
an uphill battle in their attempts to rejuvenate the annihilated fishery.

The existence of a strong demand for salmon, which eventually helped
lead to over-exploitation of the fishery as explained previously, was not
entirely a natural happening. In the very early 1900s, the salmon industry
undertook a worldwide advertising campaign with the aid of the federal
government. The results were very favorable: marketing conditions im-
proved greatly and the industry entered a period of dynamic growth. At
about the same time the “lron Chink,” a machine which beheaded, gutted,
and cleaned the salmon, was introduced, marking a great advance in the
speed of processing. The machine initially displaced so many oriental
cannery laborers that it became known as the "Iron Chink,” a name that is
still commonly used in the industry today. The lron Chink removed a bottle-
neck from the salmon cannery processing line and led to further growth of

the industry, which ultimately resulted in many more workers being hired



than were displaced by the machine. Increased processing efficiency and
improved processing techniques which improved the quality and marketability
of salmon contributed to the development of a market which has always re-
mained healthy.

Canned salmon is the most commonly produced form of processed salmon
(Figure 2,2); and salmon has been processed this way more than any other com-
mercial fish species in Alaska. However, as with shellfish and other finfish,
freezing is becoming increasingly more common. Until around 1970, freezing
constituted a minor portion of the total salmon pack. During the early 1970s,
freezing quickly increased in popularity, and has been accounting for a growing
portion of the total pack. Data sources revealing salmon product form are often
contradictory concerning the amount of salmon frozen, but it is now commonplace
for many processors to freeze up to 100 percent of their pack. Production
figures for the industry indicate that frozen production is relatively more
stable than canning. Canning capacity is more versatile than freezing, and
tends to comprise a larger portion of the total pack in years of high salmon
catch when processing capacity must increase.

Five species of salmon are harvested in Alaska: reds (sockeye), which
are the second-most abundant and usually the most valuable; kings (chinook),
which are the largest species; silvers (coho), which have lighter flesh than
the reds or kings; pinks (humpback), the smallest and most abundant of all
five species; and the chums (dog), which are the least valuable. All five
species are canned, with the pinks, reds, and chums predominating. Reds and
pinks take turns at being the largest portion according to cycle years. It
is not uncommon for a considerably smaller run of reds to be of more value
than a larger pack of pinks. Silvers and the large kings are often frozen
or undergo a curing process, or fill the demand for fresh salmon. Pinks

are occasionally used for this purpose a“ so.
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Figure 3. 2 Processing Steps for Canned Salmon

Salmon caught by commercial fishermen

Larger vessels serve as tenders to purchase salmon and transport them to
cannery (some tenders have refrigeration facilities for the fish).

Separated by species and quality

Preparation for lron Chink, placed on belt to lIron Chink

l

Iron Chink (performs heading, finning, splitting,
gutting, cleaning, cleansed with water spray)

v

Washed and Inspected

l

Cut into can-size pieces by gang knives, normally one-
pound tall or half-pound flat

Filling machine fills cans with salmon, another machine ,
adds correct amount of salt

Cans are weighed, topped off manually if underweight

Cans are vacuum sealed

l

Cans are retorted

Usually receive initial cooling by water bath if
adequate water supply J/

Transported in “bright stack” (without labels) to lower
states for labeling and further distribution



As with other Alaskan'fish products, most salmon is shipped to the
lower states, predominately the Seattle area, for reprocessing and/or
further distribution. The frozen salmon arrives in a whole frozen form and
may undergo steaking or filleting, or be distributed whole. The canned
salmon merely requires that the proper label be applied and the cans be
packed suitably for distribution. Retail grocery stores remain a major
domestic outlet for canned salmon, but industry sources indicate that sales
of fresh and frozen product is decreasing in these stores. Increasing
institutional and restaurant demand is compensating for this decrease, as
frozen products are becoming more prevalent from the processors.

The United States imports and exports sizable quantities of both
canned and fresh or frozen salmon (Table ®.5), Exports to various buyers
worldwide, with France and Japan presently being the major buyers, usually
more than offset imports. Japan has only recently become a major salmon
importer, due to restrictions on its fishing fleets arising from many
countries extending their fishing zones. Data sources for specific salmon
products being imported or exported are rarely in agreement and usually
combine the entire west coast, but generally indicate that a large portion
of the frozen salmon from Alaska may be exported, along with a significant
but smaller portion of the canned pack.

A lucrative export market to Japan has developed for salmon roe.
Under the direction of Japanese technic ans, the roe is stripped, treated
in brine and packed in wooden containers for transport, being reprocessed
abroad for final consumption. This market is growing, as nearly 2,720 MT
(six mil lion pounds) of roe were produced in 1976, compared to less than
113 MT (250,000 pounds) in 1956. Growing interest in this market can also

be seen as a result of restrictions the Japanese are facing on most
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Table <. &

UNITED STATES SALMON IMPORTS AND EXPORTS 1960 - 1977
(in thousands of pounds)

YEAR FRESH/FROZEN CANNED

Imports Exports Imports Exports
960 13,472 NA 19,113 NA
961 12,309 NA 7,167 7,275
962 9,735 NA 6,843 9,038
963 8,898 4,888 1,250 10,141
964 8,818 22,560 236 20,944
965 7,861 10,559 101 24,912
966 8,296 19,845 589 20,503
967 8,815 18,911 121 20,503
> 368 9,811 16,234 4,955 5,732
969 8,425 30,553 2,217 15,432
970 7,448 28,201 2,441 16,755
971 7,684 32,891 1,551 18,298
972 18,696 34,685 11,647 21,385
973 18,237 55,696 7,859 16,976
974 12,483 26,109 8,553 8,377
975 9,250 45,696 3,265 22,487
976 7,742 38,418 2,521 19,621
977 5,708 65,559 586 NA

Source: U. S. Department of Commerce, N.M.F.S. , Fisheries of the United States,
1960 - 1977.




foreign fishing grounds. Iron cally, salmon roe was discarded with the
viscera and other wastes for years until the initial roe pack in the mid-
1950s. Even now, many plants do not utilize the roe, indicating a

potential for future expansion of the market.

Statistics

Catch and Prices, All Salmon,

The salmon fishery is the dominant commercial fishery in Alaska. Between
1961 and 1977 the annual salmon catch accounted for between 29.5 percent to
62.9 percent of the total commercial catch in Alaska and from 1961 to 1975
salmon accounted for 39.2 percent to 65.5 percent of its value (Table 2.7).
During this 17-year period the annual salmon catch has ranged from 59,700 MT
(131.6 million pounds) in 1974 to 157,000 MT (346.5 million pounds) in 1970,
while during the first 15 years of this period the value of the annual catch
ranged from $24.6 million in 1967 to $68.0 million in 1970.

There is no well defined trend in the annual fluctuation of catch, but
due to increases in the ex-vessel price of salmon, the value of catch has
tended to increase over time. The dominance of the salmon fishery, particularly

in terms of catch, has tended to decrease due to increases in the shellfish

catch.

Catch and Prices, King Salmon

The king salmon catch is a relatively minor part of the total salmon
catch measured either in weight or value. Between 1961 and 1977 the annual
king salmon catch ranged from 3,130 MT (6.9 million pounds) in 1975 to
5,440 MT (12.0 million pounds) in 1977 and accounted for between 2.8 percent

and 7 percent of the total salmon catch (Table 2.%7). The annual catch has
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TABLE K./
THE ALASKAN SALMON FISHERY IN PERSPECTIVE

CATCH PRICE PERCENTAGE OF TOTAL PERCENTAGE OF *TOTAL SHELLFISH

(in_000"s) ($'s per FINFISH CATCH AND FINFISH CATCH
YEAR POUNDS VALUE pound) VALUE POUNDS VALUE POUNDS
1961 264,814 $35,741 $0.13 72.2 72.4 65.5 61.5
1962 277,848 42,119 0.15 6 8 .7 75.3 61.6 62.0
1963 223,063 31,298 0.14 70.8 72.7 58.2 54.0
1964 311,623 41,359 0.13 76.4 77.0 64.5 60.9
1965 274,844 48,274 0.18 72 .6 78.2 59.6 54.0
1966 333,325 54,202 0.16 74.7 82.6 60.1 55.9
1967 138,517 24,631 0.18 67.9 71.1 45.2 36.8
1968 285,272 49,455 0.17 82.5 86.0 56.4 60.2
1969 219,150 42,428 0.19 69.2 79.0 51.0 53.8
1970 346,465. 67,975 0.20 79.5 87.0 64.1 62.9
1971 251,705 51,411 0.20 79.0 . 84.4 56.4 52.3
1972 189,784 45,295 0.24 67.9 . 80.2 45.8 44.0
1973 136,493 60,059 0.44 72.0 69.6 39 .2 9.5
1974 131>603 65,579 0.50 79.3 70.4 44.1 28.6
1675 137,607 55,302 0.40 7 1 . 8 71.1 41.8 31.2
1976 243,975 92.4 42.0
1977 299,647 94.6 47 .4
1978
Average 236,161 47,675

Source: ADF&G Statistical Leaflets for various years.



TABLE B.Y

\ THE ALASKAN KING SALMON FISHERY IN PERSPECTIVE
CATCH PRICE PERCENTAGE OF TOTAL PERCENTAGE OF TOTAL SHELLFISH
(in 000°s) ($’s per SALMON CATCH AND FINFISH CATCH
YEAR POUNDS VALUE pound) VALUE POUNDS VALUE POUNDS
1961 8,541 $2,243 $0.26 6.3 3.2 4.1 2.0
1962 8,739 25699 0.31 6.4 3.1 3.9 1.9
1963 9,161 3,127 0.34 10.0 4.1 5.8 2.2
1964 11,567 3,662 0.32 8.9 3.7 5.7 2.3
1965 11,009 3,049 0.28 6.3 4.0 3.8 2.2
1966 9,351 2,949 0.32 5.4 2.8 3.3 1.6
1967 11,632 3,100 0.27 12.6 8.4 5.7 3.1
1968 11,246 3,865 0.34 7.8 3.9 4.4 2.4
1969 10,746 3,506 0.33 8.3 4.9 4.2 2.6
1970 11,546 5,035 0.44 7.4 3.3 4.7 2.1
1971 11,972 4,688 0.39 9.1 4.8 5.1 2.5
1972 9,973 3,732 0.37 8.2 5.3 3.8 2.3
1973 8,917 7,880 0.88 13.1 6.5 5.1 1.9
1974 9,290 6,945 0.75 10.6 7.1 4.7 2.0
) 1975 6,942 5,258 0.76 9.5 5.0 4.0 1.6
21976 8,601 3.5 1.5
1977 12,042 4.0 1.9
1978
Average 10,075 4,116

Source: ADF&G Statistical lLeaflets for various years.



been relatively stable with no well defined trends. Due, however, to
increases in ex-vessel prices, the value of king salmon catch has tended

to increase. The value of the annual catch ranged from $2.2 million in

1961 to $7.9 million in 1973 and accounted for between 5.4 percent and

13.1 percent of the value of the tota? salmon catch. The disproportionately
high value results from ex-vessel price of king salmon being higher than those

of other types of salmon.

Catch and Prices, Red Salmon

Red salmon are a major resource of the Alaskan salmon fishery. Between
1961 and 1971 the annual red salmon catch accounted for from 17.1 percent to
51.7 percent of the total salmon catch and from 24.4 percent to 63.8 percent
of its value (Tabie ©.%). During this period the red salmon catch ranged
between 14,600 MT (32.2 million pounds) in 1974 and 68,400 MT (150.8 million
pounds) in 1970. The annual catch exhibits large fluctuations, periods of
recovery lasting generally two years, periods of contraction lasting three to
five years, but no strong tendency to increase or decrease for the period as
a whole. Increases in the ex-vessel price of red salmon have created an up-

ward trend in the value of catches.

Catch and Prices, Coho Salmon

Coho salmon have not generally been a major component of the salmon catch
in terms of weight or value. From 1961 through 1977 the annual coho salmon
catch amounted to between 3.4 percent and 9.7 percent of the total salmon
catch and from 1961 through 1975 it accounted for between 5.2 percent and 13.6
percent of the value of the total Alaskan salmon catch (Table 2.iZ). The annual

coho salmon catch has been less volatile than that of red or pink salmon,
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TABLE .1}
THE ALASKAN RED SALMON FISHERY IN PERSPECTIVE

CATCH PRICE PERCENTAGE OF TOTAL PERCENTAGE OF TOTAL SHELLFISH
(in 000’s) ($'s per SALNION CATCH AND FINFISH CATCH
YEAR POUNDS VALUE pound) VALUE POUNDS VALUE POUNDS
1961 95,230 $17,539 0.18 49.1 36.0 32.1 22.1
1962 52,946 11,130 0.21 26.4 19.1 16.3 11.8
1963 35,456 7,644 0.22 24 .4 15.9 14.2 8.0
1964 54,132 12,247 0.23 29.6 17.4 19.1 10.6
1965 142,034 30,802 0.22 63.8 51.7 38.0 27.9
1966 92,767 19,737 0.21 36.4 27.8 21.9 15.6
1967 53,522 11,865 0.22 48.2 38.6 21.8 14.2
1968 48,696 12,723 0.26 25.7 17.1 14.5 10.3
1969 71,735 18,046 0.25 42.5 32.7 21.7 17.6
1970 150,812 37,249 0.25 54.8 43.5 35.1 27.4
1971 87>288 22,849 0.26 44.4 34.7 25.1 18.1
1972 41,984 13,180 0.31 29.1 22.1 13.3 9.7
1973 35,248 15,327 0.43 25.5 25.8 10.0 7.6
) 1974 32,246 22,119 0.69 . 33.7 24.5 14.9 7.0
sy 1975 42,762 19,230 0.45 34.8 31.1 14.5 9.7
) 1976 82,685 33.9 14.2
1977 91,124 30.4 14 .4
1978
Average 71,216 18,112

Source: ADF&G Statistical Leaflets for various years.
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TABLE H. 10,
THE ALASKAN COHO SALMON FISHERY IN PERSPECTIVE

CATCH PRICE PERCENTAGE OF TOTAL PERCENTAGE OF TOTAL SHELLFISH
(in 000°s) ($'s per SALMON CATCH AND FINFISH CATCH
YEAR POUNDS VALUE Eoundl VALUE POUNDS VALUE POUNDS
1961 11,386 $1,997 $0.18 5.6 4.3 3.7 2.6
1962 15,321 3,162 0.21 7.5 5.5 4.6 3.4
1963 17,581 3,008 0.17 9.6 7.9 5.6 4.3
1964 20,953 3,582 0.17 8.7 6.7 5.6 4.1
1965 17,666 4,362 0.25 9.0 6.4 5.4 3.5
1966 16,113 3,705 0.23 6.8 4.8 4.1 2.7
1967 13,022 3,343 0.26 13.6 9.4 6.1 3.5
1968 20,968 5,362 0.26 10.8 7.4 6.1 4.4
1969 8,034 2,229 0.28 5.3 3.7 2.7 2.0
1970 11,898 3,512 0.30 5.2 3.4 3.3 2.2
1971 11,459 2,820 0.25 5.5 4.6 3.1 2.4
1972 13,035 5,583 0.43 12.3 6.9 5.6 3.0
1973 9,837 7,470 0.76 12.4 7.2 4.9 2.1
) 1974 12,820 8,678 0.68 13.2 9.7 5.8 2.8
vy 1975 7,128 4,246 0.60 7.7 5.8 3.2 1.6
1976 10,644 4.4 1.8
1977 15,363 5.1 2.4
1978
Average 13,719 4,204

Source: ADF&G Statistical Leaflets for various years.



ranging between 3,220 MT (7.1 million pounds) in 1975 and 9,530 MT {21.0
million pounds) in 1968 during the 17-year period.

The annual catch exhibits various patterns of fluctuation combined with a
downward trend. The value of the annual catch also exhibits various patterns
of fluctuation, but due to an upward trend in the ex-vessel price of coho

salmon, the value of the catch has tended to increase.

Catch and Prices, Pink Salmon

During the past 17 years, pink salmon have been the largest component by
weight of the total Alaskan salmon catch in all but four years. Red salmon
were the largest component in those years. Due, however, to the lower ex-vessel
price for pinks, the value of the pink salmon catch exceeded that of red
salmon in only five years between 1961 and 1975. From 1961 through 1977
between 20.8 percent and 56.1 percent of the total salmon catch was comprised
of pinks, and from ?961 through 1975 between 15.9 percent and 48.2 percent’ of
its value was attributable to pinks (Table R.1:).

The annual pink salmon catch has been very notable during the past 17 years,
ranging from 13,100 MT (28.8 million pounds) in 1967 to 73,900 MT (162.9 roil”lion
pounds) in 1966 but without a trend toward increasing or decreasing. The value
of the annual catch has ranged from $3.2 million to $22.1 million; the years

of minimum and maximum value coincided with those for catch.

Catch and Prices, Chum Salmon

The annual catch of chum salmon has been relatively stable in the last 17
years, ranging from 10,300 MT (22.7 million pounds) in 1969 to 29,400 MT (64.8
million pounds) in 1972 (Table 3.13). Due to increases in the ex-vessel price

of chum salmon the value of the catch has been less stable, ranging from $2.4

[/3nY
n

(2



L 4 L () ° * ° ° () () °

TABLE T. 11
THE ALASKAN PINK SALMON FISHERY IN PERSPECTIVE

CATCH PRICE PERCENTAGE OF TOTAL PERCENTAGE OF TOTAL SHELLFISH
(in 000’s) ($7s per SALMON CATCH AND FINFISH CATCH
YEAR POUNDS VALUE pound) VALUE POUNDS VALUE POUNDS
1961 103,538 $10,115 $0.10 28.3 39.1 18.5 24.1
1962 143,279 20,296 0.14 48.2 51.6 29.7 32.0 =
1963 125,117 14,472 0.12° 46.2 56.1 26.9 30.3
1964 162,281 17,174 0.11 41.5 52.1 26.8 31.7
1965 74,873 7>684 0.10 15.9 27.2 9.5 14.7
1966 162,866 22,093 0.14 40.8 48.9 24.5 27.3
1967 28,822 3,241 0.11 13.2 20.8 5.9 7.7
1968 148,446 20,490 0.14 41.4 52.0 23.3 31.3
1969 105,967 15,712 0.15 37.0 48.4 18.9 26.0
1970 117,718 15,563 0.13 22.9 34.0 14.7 21.4
1971 86,260 13,518 0.16 26.3 34.3 14.8 17.9
1972 59,969 10,882 0.18 24.0 31.6 11.0 13.9
1973 36>610 11,666 0.32 19.4 26.8 7.6 7.9
g 1974 40,072 13,861 0.35 21.1 30.4 9.3 8.7
5, 1975 49,969 16,053 0.32 29.0 36.3 12.1 11.3
#1976 102,401 42.0 17.6
1977 129,550 - 43.2 20.5
1978
Average 98,691 14,188

Source: ADF8G Statistical Leaflets for various years.



TABLE B. (2
THE ALASKAN CHUM SALMON FISHERY IN PERSPECTIVE

CATCH PRICE PERCENTAGE OF TOTAL PERCENTAGE OF TOTAL SHELLFISH
(in _000°s) ($'s per SALMON CATCH AND FINFISH CATCH
YEAR POUNDS VALUE pound) VALUE POUNDS VALUE POUNDS
1961 46,121 $3>846 $0.08 10.8 17.4 7.0 10.7
1962 57,653 4,832 0.08 11.5 20.7 7.1 12.9
1963 35,748 3,047 0.09 9.7 16.0 5.7 8.7
1964 62,690 4,695 0.07 11.4 20.1 7.3 12.2
1965 29,263 2,377 0.08 4.9 10.6 2.9 5.7
1966 52,229 5,718 0.11 10.5 15.7 6.3 8.8
1967 31,518 3>083 0.10 12.5 22.8 5.7 8.4
1968 55,916 7,015 0.13 14.2 19.6 8.0 11.8
1969 22,668 2,934 0.13 6.9 10.3 3.5 5.6
1970 54,491 6,616 0.12 9.7 15.7 6.2 9.9
1971 54,726 7,536 0.14 14.7 21.7 8.3 11.4
1972 64,823 11,919 0.18 26.3 34.2 12.1 15.1
1973 45,881 17,716 0.39 29.5 33.6 11.6 9.9
1974 37,174 13,975 0.38 21.3 28.2 9.4 8.1
7 1975 30,805 10,514 0.34 19.0 22.4 7.9 7.0
#1976 39,643 16.2 6.8
1977 51,569 17.2 8.2
1978
Average 45,465 7,055

Source: ADF&G Statistical Leaflets for various years.



million in 1965 to $17.7 million in 1973. The price increases have also tended
to increase the value of catch overtime despite the lack of a discernible trend
in catch. Chum salmon have been a moderately important component of the salmon
fishery, accounting for between 10.3 percent and 34.2 percent of the total salmon
catch by weight and between 4.9 percent and 29.5 percent of the total salmon

catch by value.

Production

Salmon products continue to dominate Alaskan process ng despite decreases
in salmon production and increases in the production of other fish. Between
1966 and 1975 salmon production accounted for from 39.1 percent to 80.0 percent
of all Alaskan processing production (Table =.:!3). During this period annual
salmon production averaged 66,200 MT (146.0 million pounds) and ranged from
44,000 MT (97.0 million pounds) in 1974 to 102,000 MT (224,2 million pounds) in
1966. The average annual production for the first five years is greater than
that for the period as a whole indicating that salmon production has tended to
decrease.

At the same time that total salmon production has tended to decrease, the
change in the product mix between fresh/frozen products and canned and other
products has resulted in an increase in fresh/frozen production. The fresh/
frozen share of total production increased from 12.4 percent in 1966 to 32.9
percent in 1975, The increase in the relative importance of fresh/frozen
products means that the production of canned and other products decreased more

rapidly than did total salmon production.
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TABLE &.1

Salmon Production in Alaska
By Type of Processing and in Perspective

CANNED PERCENTAGE
Number of Plants TOTAL FRESH & FROZEN & OTHER PERCENTAGE  OF ALASKAN
CANNED  FRESH & FROZEN  PRODUCTION PRODUCTION PRODUCTION PERCENTAGE CANNED PRODUCTION
YEAR PRODUCTS PRODUCTS (000's 1bs.) (000's 1bs,) (000's 1bs.,) FRESH & FROZEN _& OTHER OF ALL FISH
1966 79 61 224,188 27,814 196,374 12.4 87.6 70.9
1967 70 56 97,954 19,933 78,021 20.3 79.7 55.4
1968 69 61 192,050 26,908 165,142 14.0 86.0 80.0
1969 71 62 134,770 19,329 115,441 14.3 85.7 71.3
1970 72 77 217,245 34>931 182,314 16.1 83.9 76.3
1971 62 80 172,640 23,395 149,245 13.6 86.4 72.2
1972 60 88 120,271 31,191 89,080 25.9 74.1 59.6
1973 47 95 101 ,807 38,164 63,643 37.5 62.5 448
1974 49 91 96,981 27,178 69,803 28.0 72.0 39.1
1975 57 100 102,365 33,673 68,692 32.9 67.1 47.2
1976
1977
Average
(1966-1970) 173,241 25,783 147,458 15.4 84.6 70.8
Average
(19667-1975) 146,027 28>521 117,776 21.5 78.5 61.7

Source: Alaska Department of Fish and Game, Catch and Production Report Leaflets, 1966 - 1975.



Factors of Change

Harvesting Technology

Alaska’s salmon fishery has undergone only minimal change in terms of
harvesting technology during the past two decades, and other than restrictions
placed on gear, little has changed since the industry’s infancy in the 1800s.
Today’s primary methods of commercial salmon catching are trolling, gili-
netting, and purse seining, with a very few fish wheels in operation at
specifically allowed sites.

When the State of Alaska formally assumed management responsibility
for its fisheries in 1960, a fourth major fishing method, the fish trap, was
almost immediately banned. This device, usually constructed and operated
only by canneries due to high costs, was perhaps the most efficient fish harvesting
method ever devised by men. Fish traps had the potential to catch up to 100
percent of the salmon passing through an area, depending on the portion of
their migratory route blocked by the trap, creating a situation where improper
use of fish traps could annihilate entire salmon runs.

The major changes that have affected salmon fishing are labor saving
devices. Fishermen who troll for salmon and other fish species have been
using a "gurdy" since the late 1940s. The gurdy reels in the individual
trolling lines and is usually hydraulically powered, although electric motors
and power take-offs have been important steps along the way. Some trollers
using smaller, lighter gear use hand powered gurdies.

Gillnetting accounts for a major portion of Alaska’s salmon catch,
with the use of set nets or drift nets. Whether the gear is stationary or
drifting, salmon are caught the same way: the migrating salmon attempt to
swim through the net placed in their pathway and become entangled when

their gill area snags. Other than the utilization of more modern materials,



the fishing procedure for gillnetting is essentially unchanged since
first used to fish along the Pacific coast. The labor requirement for
drift gillnetting, however, has been reduced somewhat by adoption of the
gilinet power reel. The reel is most often hydraulically driven, and
the speed of the reel can be controlled by the person picking the fish
from the net as it is wound onto the power reel. Where pulling the net
aboard was once a difficult task for two men, most drift gillnetters are
now able to perform all the tasks necessary for successful fishing with-
out assistance.

Purse seining was the method of salmon fishing most influenced by
labor-saving inventions. Power drums were first used around 1952 to
assist with hauling the heavy, pursed seines. However, the equipment was
quickly regulated out of use in Alaska, supposedly because of its great
efficiency at catching salmon. In 1955 the Puretic Power Block was intro-
duced to purse seiners, and it quickly affected seining worldwide. The -
Power Block is extended above the fishing vessel’s working area on a boom
and is powered hydraulically. A non-skid rubber V-shaped roller turns
under hydraulic power and feeds the purse seine through, hauling the catch
out of the water and onto the fishing vessel’s work area. The Power Block
is relatively simple and inexpensive compared to some of today’s exotic
equipment, and has reduced the crew size necessary on a salmon seiner
from around ten persons to five or six. The extraordinary impact of the
Power Block is well emphasized by the Un ted Nations Food and Agricultural
Organization’s estimate that over 40 percent of all the commercially
caught fish in the world are taken by the Puretic Power Block.

The fishing vessels used for salmon fishing cover a wide spectrum of

sizes and amen’ ties. Generally, gillnet fishermen are using slightly larger
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vessels than in the past, commonly being around 9 m (30 feet) in length and
having more power ul engines. Bowpickers, those with the power reel

mounted in a work. area at the front of the boat, have become increasingly
popular among gil netters since around 1970. These provide only minimal
protection from the elements, but are extremely adept at maneuvering in
the area fished and are usually fast enough to change fishing areas
quickly.

Much gillnetting is still performed from vessels which appear more
similar to a sport fisherman's rowboat than would be expected of a com-
mercial fishing vessel. At the other end of the range are the larger
purse seiners that may have a full compliment of the latest electronic
navigational gear, with capabilities of entering other fisheries and
traveling out of the protected waters usually fished by gillnetters.

Purse seiners are confronted with a 17.7 m (58. feet) limit on the overall
length of purse seine vessels, known as the “Alaska limit”. This limit was
established in the 1920s, as a means of limiting the catching capability

of individual vessels. Though of questionable merit today, the limit

will probably remain due to the large investment in vessels which conform

to the limit.

Production Technology

Salmon processing in today’s canneries is much the same as it was
fifty years ago and before. Growth of the salmon industry, which peaked
in 1936, was brought about due to adequate canning techniques having
already been developed at the time. Though improvements have taken place
in canning methods and machines are improved, no advancements within the
recent past stand out as especially significant. Some of the older

canneries in Alaska that have been closed for many years still contain
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canning lines that are utilized for maintenance parts in some of the
operating canneries, or may have entire lines refurbished and moved into
other plants for use.

The lIron Chink is the one outstanding development that greatly in-
fluenced the salmon industry. Whereas many facets of the food preser-
vation industry benefited from canning improvements, the lron Chink’s
usefulness was valuable only to salmon processors. The first Iron Chinks
appeared in 1904, deriving the name from the vast number of Chinese
laborers displaced by its appearance. The 1904 version was very crude
compared to its modern-day counterpart. In brief, the machine performs
the following to each salmon: beheading, removing the fins, opening the
belly and removing the viscera, and cleaning the body cavity. Though the
Iron Chink initially replaced many laborers, it eliminated a bottleneck
in the canning process that ultimately allowed the salmon industry to grow
to a size requiring more workers than were utilized before the machine
appeared.

During the late 1960s and the 1970s the salmon industry has shown a
marked tendency toward freezing a greater portion of the pack and canning
less. This action appears related to increasing canning costs and favor-
able market response to the frozen product, among other influencing factors.

Salmon roe, formerly a waste product from salmon processing, §S now
& valuable commodity for export to Japan. Prior to 1965 most salmon eggs
were discarded or used as bait. By 1968 almost all of Alaska’s salmon
roe was saved for the newly discovered Japanese market. Roe processing in
the Alaskan plants is usually under the supervision of Japanese technicians,
whose companies oversee the marketing of the roe once it leaves the United

States.
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Regulation

The Alaskan salmon fishery has evolved from a condition of nearly
no regulation to extremely strict regulation. Until 1959 when Alaska
became a state and was granted the power to regulate its fisheries, the
federal government exercised regulatory control over the territory’s re-
sources. This period covered the late 1800s through 1959. Though many
concerned individuals during this time realized that the salmon fishery
was being over-utilized and voiced their warnings, no real policy was
developed %o conserve or rehabilitate the remainder of the stocks.

Upon receiving management control of its fisheries, the State of
Alaska set about establishing a long term policy aimed at restoring the
Alaska salmon fishery. The state’s new Department of Fish and Game had
very little historical data, scientific or biological information, or
expertise on which to base their planning. Therefore, encouraging results
were slow in coming and proper management practices are still being
developed, but recent increased salmon catches and other biological factors
being monitored indicate that progress is being made toward rebuilding an
depleted fishery.

The Alaska Department of Fish and Game has utilized regulation of
fishing gear and fishing seasons as its major management tools. Gear
regulations state the exact size of legal gear, how it can be used, and
when and where fishing is allowed. Many of the gear restrictions, such as
banning of fish traps and specifying where gillnets can be set, are actually
designed to decrease the efficiency of fishing effort. Implementation of
closed fishing periods in specific areas offsets the high efficiency

of the fishermen, allowing 100 percent escapement during those periods.
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Even with the multitude of regulations governing salmon fishing

throughout the 1960s and early 1970s, participation in the fishery

remained extremely high. In 1974 the salmon fishery was placed under
a limited entry permit system designed to accomplish four major goals:
1) prevent additional gear from entering an overcrowded fishery; 2)
encourage use of under-developed fisheries; 3) stabilize the amount of
gear in each fishery at levels that will allow fair dollar returns,
effective fisheries management, and upgrading of vessels and gear; and
4) promote professional and diversified  commercial fisheries.

The limited entry program, though not without its negative effects.,
has great;u improved the financial condition of those remaining in the
salmon fishery. The greater financial returns, along with growing and
more regular stocks of returning salmon, have helped make strict regu-

lation of the fishery more palatable.

Other Governmental Policy

The State of Alaska has undertaken an extensive program aimed at
rehabilitating Alaska’s salmon stocks. As a general guideline, effort
is being directed at increasing the presently depressed stocks to levels
existing around the 1930s when salmon were most abundant. As an initial
step in this direction, the 1971 State Legislature created the Division

“‘of Fisheries, Rehabilitation, Enhancement, and Development (F-R-E~D-),
as part of the Alaska Department of Fish and Game.

The F.R.E.D. Division has invested considerable resources in creat-
ing an aquiculture program. The division had ten salmon hatcheries
operating in 1976, with several more planned. As a means of encouraging

private participation in the rehabilitation and enhancement of salmon

e e



stocks, provision was made in the legislation for nonprofit private
hatcheries, with loans available from the state to assist with initial
construction and operating costs.

The hatcheries are assigned specific streams or areas in which to
release their artificially-hatched fry. The fry receive fin notches or
coded wires to identify them when they return several years later to their
specific area of release to spawn. A hatchery’s success is determined by
the portion of released fry that return as adults to the same area to
spawn or are caught by fishermen. Returns are usually considered good
at 1 to 2 percent, with 5 to 6 percent being extremely successful.

The nonprofit private hatcheries depend upon a certain portion of the
return to eventual’ly cover operating costs and repay loans from the state.
A smaller portion is necessary for obtaining milt and roe for raising more
fry for release. The bulk of each return is designated for harvest by
fishermen, who are to be the primary benefactors of the program.

The aquiculture program has shown considerable.potential thus far,
as hatcheries are generally achieving adequately high returns to merit
continuation. Most hatcheries that have been underway for several years
have only received one or two years of returns to evaluate so far, there-
fore it will be sometime before the cumulative effects of the program can
be accurately examined. Management personnel at one of the first private
hatcheries have indicated that they hope to have returns great enough to
meet the organization’s financial obligations by about their sixth year
of operation.

The federal government expressed increased concern for the United
States” fisheries resources when the fisheries conservation zone was

extended to 200 miles (322 km) off our coasts, However, this extension



has not completely protected salmon from uncontrolled foreign fishing
efforts, as it is becoming known that Alaskan-spawned salmon migrate over
vast areas outside the 200 mile (322 km) zone. The migration range of
Alaska’s salmon was grossly underestimated even within the present decade.
Japan in particular has harvested millions of immature Alaska-spawned
salmon, while adhering to agreements with the United States concerning
salmon fishing areas. In an attempt to rectify this situation, appro-
priate U.S. government agencies have recently persuaded Japan to
cooperate with U.S. management attempts throughout the entire migratory
path of Alaskan salmon. Fisheries experts are finding that salmon
migrating from sources along the Gulf of Alaska are not as commonly found
in the Japanese high seas fishing areas as those from Bristol Bay and
other western Alaska areas. Therefore, curtailment of the Japanese

salmon harvest should not greatly influence Gulf of Alaska salmon runs.

CONFLICTS WITH OTHER FISHERIES AND OTHER COMMERCIAL VESSELS

The principle conflicts between the salmon fishery and other com-
mercial fisheries result from competition for space in small boat harbors,
overcrowding being the normal condition in most Alaskan small boat harbors.
There are conflicts between the various commercial salmon fisheries (e.g.,
purse seine, drift gillnet, etc.) in that they are competing for the same
limited resource, though generally at different times during the season
and or in different areas.

The conflicts between the commercial and sport salmon fisheries exist
primarily because both are competing for the same resource. The magnitude
of conflict tends to increase as the size of the sport fishery increases.

is most likely to occur where there is easy access for sport fishermen from

This



more heavily populated areas. A conflict between these fisheries
will also exist if they compete for space in small boat harbors.

There are also conflicts between commercial and subsistence
fisheries due to their competition for the same fishery resources.

The conflict between the commercial salmon fisheries and commercial
vessel traffic is minimized due to the nature of gear and the location

of the fishery activity.
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HALIBUT

Development and Market Structure

The rapid development of the Alaskan halibut industry which began
in the late 1800s was primarily due to two factors: the Atlantic halibut
fishery was deter orating after years of heavy American and European
fishing, and refr gerated railroad transportation between the Pacific
Northwest and the East Coast was improving. The former created a market
opportunity for a new source of halibut, and the latter allowed the
Alaskan and Pacific Northwest halibut industries to take advantage of
the market opportunity.

The first Pacific Northwest cold storage plant was built in Washington
in 1892, and four more were operating by 1903. As the fishermen ventured
further north, cold storage plants were established at Ketchikan and Sitka,
Alaska, in 1909 and 1913, respectively. In 1913 when a cold storage
facility was built and railroad access was completed to Prince Rupert,
Canada, Alaska’s importance to the halibut fishery was firmly established.

In the late 1800s and early 1900s, Seattle was the major halibut
buying center in the United States. As the fishery expanded north to .
Canada and Alaska and as processing plants were established in these
areas, Seattle assumed less importance and the fishery decentralized.

Due to fuel costs and perishability of the product, fishermen started
selling directly to the more local buyers. Alaska’s catch of halibut,
although decreasing as in most other areas, has attained increasing
importance; it accounted for 47.9 percent of the world catch in 1976

(Table =..4), and 97 percent of the total U.S. catch in that year (Orth, et

al., 1978, Preliminary Draft).
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Comparison Of Al aska' S RelativeImportance with the Rest
‘of the World in the Catch of Halibut (Hippo glossus sp.)
I ncl udi ng Japanese and Russian TCacchin1976—

In Metric Tons Live Weightl

Other North Pacific

(I'ncludes Japan,

North Atlantic

Al aska Russia and ot hers)
3
1932 22,363,136 16,511,884
1976 15,594,789 9,974,934

L Alaska aad Woreh Atlantic fi gures

catch under other North Pacifi
statistical reports.

Hi2
Fisheries Statistics.
3

and Canada.

C,

17,9907

.6,947°

for 1932, as veil
Wer e taken from vari ous IPHEC

Source: Oth et al., 1978. (Preliminary Draft)
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32,542,934
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Parcent
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Conponents of this total were taken from the 1376 FAO Year book
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As the world’s largest consumer of halibut, the United States
consumes the bulk of its domestic catch and imports large quantities of
halibut (Tables 2.2 and 2.1%). Total consumption of halibut in the
United States, however, has decreased drastically; Americans consumed over
three times more halibut in 1960 than in 1976 (Table 2.i7). This is
evidently a result of decreased supplies, as the existence of a strong
demand is substantiated by the consistent price increases over the same
period (Table 2.'€). In an attempt to halt and reverse the trend of de-
creasing halibut stocks, the International Pacific Halibut Commission
(IPHC) has imposed strict catch quotas, thereby establishing the maximum
quantity of halibut that will be supplied during any period.

The decreasing supply and increasing value of halibut have in-
creased the bargaining power of the fishermen vis-a-vie the processors.
Processors now vie for the fishermen’s catch in an attempt to have
guaranteed sources of halibut. This situation has helped assure fisher- *
men of competitive prices for their catch, and has resulted In processors
resorting to nonprice forms of competition such as free or reduced
prices for ice and bait, in-port services to fishermen including parts
supply, hotel reservations, use of automobiles, and laundry service, and
assisting fishermen in obtaining loans, less expensive fuel or fishing
gear. Although put in a competitive position to obtain the required raw
resource, processors do have the benefit of knowing beforehand the
guantity of halibut that will be harvested if quotas are met.

The price fishermen receive for their catch may depend upon the
grade it falls within. The medium grade halibut, 4.5 to 27 kg (10 to 59
pounds) inclusive, are most sought by processors. The whale grade 27 kg

(60 pounds) and over, were formerly less desirable but are now in demand
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TABLE B.is

U S. Inports of Fresh Chilled or Frozen Hali but
Not Scaled: Wole or Beheaded
(I'n Thousands of Pounds and Dol | ars)

CANADA JAPAN NORVAY OTHER TOTAL

Year Quantity Value Quantity Value Quantity Value Quantity Value Quantity value

1977 5, 369 7,989 48 59 491 212 5,908 8, 260
1976 5,421 7,462 1, 764 2,334 215 145 7,400 9,941
1975 6, 948 7,307 827 689 181 33 7,956 8,029
1974 4,416 4, 469 826 667 115 58 5, 357 5,194
1973 16, 472 8, 544 2,052 1,519 95 55 12,619 10, 118
1972 12,736 8,521 3,888 2,233 106 38 16, 730 10, 792
1971 19, 746 8,118 67 33 63 39 96 38 19, 972 8,228
1970 18, 131 8, 086 55 27 27 10 18, 213 8,123
1969 19, 934 8, 489 103 50 13 T 44 17 20, 094 8,563
1968 17, 836 5>553 180 40 51 28 15 5 18, 082 5, 626
1967 15, 430 4,781 68 22 27 15 42 19 15, 567 4>837
1966 19,421 7,497 19 8 22 13 34 13 19, 496 7>531
1965 21, 451 7,406 28 8 134 54 40 47 21, 653 7,515
1964 22,303 6, 126 138 36 114 46 4 1 22,559 6,209
1963 3,923 1,157 15 3 155 64 22 6 4,115 1,230
1962 23, 548 7,791 394 107 808 296 27 7 24,776 8, 201

SQURCE:  U. S. Department of Census, Inports for Consunption by Year.
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TABLE {.lo

Halibut Fillets and Cher

Fresh Chilled and Frozen,
Inmported for U S. Consunption

Processed Forns,

(I'n Thousands of Pounds and Dol lars)

CANADA JAPAN ICELAND OTHER TOTAL
Year Quantity Value Quantity Value Quantity Value Quantity Value Quantity Val ue
1977 206 395 1,094 1,982 288 473 12 8 1,600 2,858
1976 225 364 2,442 3,907 330 381 47 64 3,044 4,716
1975 102 180 4,230 5,508 142 157 91 31 4,565 5,876
1974 240 268 3,178 2,899 201 146 16 13 3>635 3,326
1973 362 520 8,011 7,326 251 167 174 117 8, 798 8, 130
1972 564 657 11,657 7,259 302 205 227 91 12,750 8,212
1971 1,738 1,468 3,694 1,874 183 127 134 52 5, 749 3,521
1970 1,719 1,473 4,517 2,325 252 177 13 6 6,501 3,981
1969 2,871 2,163 4,238 2,078 175 101 73 39 7,357 4,380
1968 6,574 2,872 3,822 1,313 211 129 103 31 10, 710 4,345
1967 6, 242 2,457 1>949 819 115 77 70 25 8,376 3,378
1966 3,316 1,904 2,051 1, 055 135 67 197 53 5, 699 3,079
1965 3,448 2,455 2,232 1,085 131 60 31 8 5, 842 3,608
1964 3,075 1, 745 2,224 776 121 55 118 30 5, 842 3,608
1963 976 568 849 285 28 13 56 13 1,909 879
1962 2,406 1,550 4,335 1,723 282 120 108 37 7,131 3,430
SOURCE: U.S. Departnent of Census, Inmports for Consunption by Year.
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Total

U. S. CONSUMPTION OF HALIBUT 1960 - 1976
(pounds in 000°s)

Consumption

75,349
70,052
73,100
48, 503
71,105
63,069
59,103
62.025
60,657
58,486
56,.092
60,211
49,456
44,799
31,477
32,533
24,448

Source:

Orth et al.,

Table B.\7

Total Resident

Population

179,979,000
182,992,000
185,771,000
188,483,000
191,141,000
193,526,000
195,576,000
197,457,000
199,399,000

201,385,000

203,810,000
206,219,000
208,234,000
209,859,000
211,389,000
213,032,000
2.4,649,000

1978 Preliminary Draft

zid

o

Per Capita
Consumption

.4187
.3828
.3935
.2573
.3720
,3259
.3022
.3141
.3042
.2904
.2752
.2920
.2375
.2135
.1489
.1527
-1139



‘TABLE RB.1%

New York Whol esal e Price Pexr Pound
(Cents/Lb.) of Dressed Frozen Pacific Halibut by Month and” Year
W th Corresponding Real Prices for the Yearly Average Price

Year Halibut WPI Avg. Price
Year Jan Feb Mar Apr May June  July Aug Sept &t Nov peec Average  Index MP&F  WPT _MPEF

1958 31.2 31.5 32.0 33.8 34.5 40.0 40.0 37.0 36.6 34.3 34.0 33.7 34.9 84.3 102.8 34.0
1959 33.5 33.2 33.3 33.0 34,6 34.0 335 348 32.7 31.831..0 31.2 33.1 80.0 94.5 35.0
1960 30.3 29.2 29.2 30.0 30.2 33.5 343 3.5 30.8 30.529.8 30.0 31.1 75.1 93.1 33.4
1961 30.0 32.0 32.7 33.3 34.8 37.0 350 38.0 39.0 34.7 35.0 35.5 34,8 84.1 90.9 38.3
1962 37.3 39.7 39.5 45.0 41.3 44.0 45.0 47.0 42.8 43.8 43.8 43.0 42.7 103.1 94. 4 45.2
1963 43.3 42.5 41.3 40.0 35.8 36.0 360 385 43,5 43.9 32.8 32.5 38.8 93.7 86.9 43.6
1964  32.5 30.5 30.2 28.0 34,3 362 40.0 41.5 550 55.5 38.0 40.0 38.5 93.0 86.5 44.5
1965 40.0 39.7 39.7 40.5 40.5 43.8 50.0 50.5 51.0 48.0 47.5 47.7 44,9 108.5 96. 2 46.7
1966 47.7 47.0 47,5 47.5 47.5 47.3 48.8 48.0 48.0 47.0 48.0 48.0 47.8 115.5  105.0 45.5
1967 48,0 47.0 44.0 41.0 32,5 375 36.0 42.0 44.5 40.8 39.0 39.0 41. 4 101 .0 100.0 41. 4
1968 39.0 34.5 34.5 34.5 34.3 37.2 39.4 41.6 40.6 45.2 38.5 39.0 38.2 92.3 103.1 37.0
1969 41.3 41.3 43.0 47.0 47.0 58.0 62,0 62.0 66.0 60.0 63.0 58.0 54,1 130.7  113.8 47.5
1970  57.5 57.5 57.5 57.5 57.5 57.5 57.5 57.0 57.3 56.7 55.3 54.9 56. 9 137.4  115.8 49.1
1971 54.2 54.2 55.0 53.0 53,90 53.0 53.1 53.1 531 53.5 55.0 53.5 54.1 130.7 11.6.0 46.6
1972 62.() 62.1 67.6 72.0 76.8 77.0 850 90.1 92,2 95.0 95.0 95.0 80.8 195.2  130.0 62.2
1973 91.8 91.7 90.4 88.0 97.1 99.6 99.6 105.0 105.0 105.0 102.5 102.5 98.0 236.7 167.5 58.5
1974 102.5 102.5 103.(.) 105.0 99.8 95.8 98.3 98.3 105.0 105.0 105.0 105.0  102.1 246.6  163.5 62.5
1975 10%.7 107.1 108.3 11.5.0 115.0 120.0 120.0 127.0 145.5 149.0 150.0 150.0 126.0 304. 4 191.0 66.0
1976 150.0 150.0 150.0 150.0 1,50.0 165.0 165.0 170.0 173.0 173.0 170.0 170.0 161. 4 389.9 181.6 38.9
ttm 170.0 1.70.0 170.0 170.0 170.6 172.9 173.5 175.0 175.0 180.0 180.0 180.0 173.9 420.1  182.0 95. 6
978  130.0 180.0 182.0 186.0 182.0 439.6 193.6 94.0

Source: l-‘ishery Market News Report, National Marine Fisheries Service, New York Market Statistles, as reported in
Food Fi sh Market Review and Qutl ook, becember 1977. \Wol esal e price Indices obtained through Burcau of
Labor Statistlics Handbook Of Labor Statistics, 1971 and 1976, and nonthly updates for 1977 and 1978.

Oth et al., 1978, Prelinmnary Draft



due to the increasing popularity of large fillets called fletches. Chicken
halibut less than 4.5 kg (10 pounds) have been illegal to catch since 1973
under IPHC regulations. Within each grade the fish are divided into #I’s
and #2's. The #l1°s are of the better quality, while #2’s have less desirable
carcasses due to bruises, wounds, mishandling, etc. The general trend
has been emphasis on quality of fish. Although processors, facing a
seller’s market, usually are lenient on grading of fish to insure that
fishermen will continue doing business with them.

Due to the high operating costs in Alaska, notably labor and trans-
portation, most halibut receives only preliminary processing before
being transported south. The fish have usually been drawn (gilled and
gutted) at sea by the fishermen, and the whole, headed fish is frozen
and glazed at the processing plant. Most Alaskan halibut is then shipped
to the lower states, usually Seattle, to undergo further processing.
Although no longer the buying center for halibut, Seattle is the center
for reprocessing. Halibut is purchased by processors who perform the
preliminary processing in Alaska and is then shipped to the Seattle area
for further processing. The same company many own both plants or the
secondary processing may be done by a custom packer. A custom packer is
a processor that processes fish for another processor, Transportation
is usually by freighter or barge, with the fish packed in refrigerated
container vans or in boxes weighing 320 or 816 kg (750 or 1,800 pounds),
called totes. With proper freezing, halibut may be kept in good condition
for at least a year; this permits a more stable release of product onto
the market and allows sellers to utilize market ng techniques not possible

with quickly perishable items. -
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The whole halibut is usually steaked or filleted into large portions.
Steaks are placed into shipping boxes of 2.3, 4.5 or 6.3 kg (five, ten, or
fifteen pounds) for further distribution; fillets are larger and sold for
further portioning. The final portioning is done as close to the final con-
sumer as possible to help maintain the superior shelf life of the final pro-
duct. Larger portions have less surface area per volume exposed for degradation
or damage. Also, persons involved in the Alaska halibut industry have
indicated that transportation costs are less for large portions than for
the more processed smaller portions. The market channels, processing, and
distribution of Alaska halibut are summarized in Figures 3.2 and 3.4 .

Halibut, as with many seafoods, has its largest final consumer
market in the restaurant and other institutions sector. Halibut industry
sources claim a marked reduction in sales of their product to retail
grocery outlets over the past several years, with restaurants and other
institutions accounting for a growing share of the market.

The American halibut industry, even with the consistent demand for
its product, has sometimes felt it necessary to undertake serious lobbying
and advertising campaigns. As early as 1928, halibut fishermen and
processors expressed concern with the presence of Greenland “halibut” on
the American market. The Greenland product was more abundant than the
traditional halibut and sold for lower prices. In 1960 the Halibut
Association of North America started an advertising campaign to inform
the public that the products were actually different species of fish,
and emphasized the more desirable nutritional characteristics of real
halibut. In 1967 the Food & Drug Administration (FDA) declared Greenland
“halibut” would thereafter be marketed in the United States under the

name “turbot”. This success in achieving product differentiation may be
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Source: Oth et al., 1978, Prelimnary Draft.
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partially responsible for the present healthy halibut market, char-
acterized by increasing halibut pri%es despite increased imports of

Greenland turbot.
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Statistics

Catch and Prices.

The annual catch of halibut in Alaskan waters has decreased dramatically
in the past 17 years (Tab” e % .i7 ). Between 1961 and 1977 the annual catch
decreased in all but four years ranging from 25,900 MT (57.2 million pounds) e
in 1962 to 7,480 MT (16.5 million pounds) in 1974. Due to increasing ex-vessel
prices, the value of the annual catch has been more stable, ranging from $10.4
million in 1968 to $21.0 million in 1972, and has not tended to decrease.

The importance of the halibut relative to all Alaskan Tfisheries has
tended to decrease whether the importance is measured by the weight or value
of the catch. Since 1961 the halibut catch has accounted for between 2.7
percent and 12.8 percent of the total Alaskan catch by weight and from 1961
through 1975 it accounted for between 8.7 percent and 27.5 percent of the
value of the total Alaskan catch.

Production.

The production of halibut products has been relatively stable in the
last 10 years in both absolute and relative terms. Neither the average
annual halibut production nor the average percentage of total Alaskan pro-
cessing attributable to halibut production is much different for the five
years and the period as a whole, (Table .%9).

Between 1966 and 1975 annual halibut production averaged 8,710 MT
(19.2 million pounds) and ranged from 4,490 MT (9.9 million pounds) in 1968
to 13,100MT (28.8 million pounds) in 1966. The proportion of total Alaskan
processing attributable to halibut production averaged 8.4 percent and ranged
from 4.1 percent in 1968 to 13.5 percent in 1967. There has been no change

in product mix; halibut production consists almost entirely of fresh/frozen

products.
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TABLE “1?7. 1/
THE ALASKAN HALIBUT FISHERY IN PERSPECTIVE *

CATCH PRICE PERCENTAGE OF TOTAL PERCENTAGE OF TOTAL SHELLFISH

(in _000°s) ($’s per FINFISH CATCH AND FINFISH CATCH
YEAR POUNDS VALUE pound} VALUE POUNDS VALUE “ POUNDS
1961 51,282 $13,179 $0.26 26.6 14.0 24.1 11.9
1962 57,218 18,767 0.33 30.6 15.5 27.5 12.8
1963 52,597 12,412 0.24 28.1 17.1 23.1 12.7
1964 45,181 12,063 0.27 22.3 11.2 18.8 8.8
1965 50,993 17,847 0.35 26.8 14.5 22.0 10.0
1966 50,796 18>083 0.36 24.9 12.6 20.1 8.5
1967 44,912 11,497 0.26 31.7 23.0 21.1 11.9
1968 38,311 10,382 0.27 17.3 11.5 11.8 8.1
1969 45,224 18,632 0.41 30.4 16.3 22.4 11.1
1970 44,420 17,412 0.39 20.4 11.2 16.4 8.1
1971 36,489 13,428 0.37 20.6 12.2 14.7 7.6
1972 32,741 21,019 0.64 31.5 13.8 21.3 7.6
1973 24,787 20,672 0.83 24.8 12.6 13.5 5.4
1974 16,490 12,944 0.78 15.7 8.8 8.7 3.6
1975 20,336 19,827 0.98 25.7 10.5 15.0 4.6
1976 20,168 7.6 3.5
1977 17,107 5.4 2.7
1978
Average 38,180 15,878

Source: ADF&G Statistical Leaflets for various years.



TABLE .20

Halibut Production in Alaska
By Type of Processing and in Perspective

CANNED PERCENTAGE
Number of Plants TOTAL FRESH & FROZEN & OTHER . PERCENTAGE OF ALASKAN
CANNED FRESH & FROZEN  PRODUCTION PRODUCTION PRODUCTION PERCENTAGE CANNED PRODUCTION
Y EAR PRODUCTS PRODUCTS (000”s 1bs.) (000”s 1bs,) (000's 1bs,) FRESH & FROZEN & OTHER OF ALL FISH
1966 19 28,070 27,838 232 99.2 0.8 8 . 9
1967 21 23,936 23,927 9 100.0 0.0 13.5
1968 24 9,939 9>939 0 100.0 0.0 4.1
1969 26 16,696 16,696 0 100.0 0.0 8.8
1970 28 22,757 22,758 0 100.0 0.0 8.0
1971 28 20,938 20,939 0 100.0 0.0 8.8
1672 33 22,119 22,118 1 100.0 0.0 11.0
1973 41 18,890 “ 18,879 11 99.9 0.1 8.3
1974 42 12,607 12,606 1 100.0 0.0 5.1
1975 40 16,017 16,017 0 100.0 0.0 7.4
31976
A 1977
Average
(1266-1970) 20,280 20,232 48 99.8 0.2 8.6
Average
(1966-1975) 19,197 19,172 25 99.9 0.1 8.4

Source: Alaska Department of Fish and Game, Catch and Production Report Leaflets, 1966 - 1975.



Factors of Change

Harvesting Technology

The Alaskan halibut fishery remains somewhat different than most other
Alaskan fisheries, as entry is not limited and excessively expensive gear
is not necessary. For this reason, vessels .designed for salmon gill-
netting and seining and those from the herring fishery have entered the
halibut fishery, along with a variety of other vessels that meet the demands
of the fishery. As a result, halibut vessels are no longer characterized by
the typical halibut schooner of past years.

Fishing gear for halibut is the longline, which has remained essentially
unchanged since the Pacific halibut fishery’s beginning, other than to adopt
the use of more modern materials. The work involved with retrieving a set-
line has been lessened due to the power gurdy which pulls the line aboard
the fishing vessel, and the automatic toiler which coils the line in a
manner which readies it for the next set.

The smaller fishing vessels are able to participate in the halibut
fishery largely due to the use of snap-on gear. This modification to the
long-line appeared about 20 years ago, but has become popular only within the
past several years. The snap-on equipment allows a power drum, such as that
common on salmon gillnet boats, to reel in the longline, and the hooks and
accompanying paraphernalia are unsnapped and hung on racks to avoid
tangling. If the snap-on gear was not available, a larger working area
would be necessary for orderly coiling of the line, and the power drums
utilized for gillnetting would no longer be suitable for coiling longlines
without creating massive entanglements.

Halibut are usually iced on board as a means of preservation. If

performed consc-entiously, this method results in high quality product
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being delivered to processing plants. At one time it appeared that on-
board freezing might become popular. However, the short fishing seasons

in recent years have made such expensive conversions unneeded.

Production Technology

Halibut is most commonly marketed fresh or frozen, in whole, steaked,
or filleted form. Attempts have been made at canning, smoking, and other
methods of preserving halibut, but with little success. Since freezing is
becoming a more popular means of preserving almost all seafood, it is un-
likely that halibut processing will pursue methods other than freezing
within the near future.

The industry is presently searching for improved methods of packaging
halibut portions that will preserve quality and improve presentability to
consumers. Oftentimes, fish products are incorrectly displayed in retail
grocery stores, resulting in dripping, unappealing packages. Vacuum ,
packaging in clear plastic film is being considered as.a means of presenting
a more attractive product to consumers, as it would eliminate the need to
glaze the fish to prevent freezer burn and drying, and assure a more con-

sistent product.

Regulation
The Alaskan halibut fishery is unique in that the Alaska Department of

Fish and Game does not exercise regulatory control of the fishery. Rather,
the International Pacific Halibut Commission (IPHC), consisting of Canadian
and American representation , oversees the halibut fishery along the Pacific
Coast of North America. The Commission was formally organized in 1923, when

a great deal of new gear was entering the fishery, but the catch per unit



effort was decreasing. The purpose of the organization was to conduct
research into the state of the fishery. Based on the results of its
research, the Commission was granted increasingly more regulatory authority
over the years, eventually being able to strictly regulate open fishing
seasons, type of allowable gear, and catch quotas.

In 1931 the Pacific halibut catch reached its all-time low. Prior
to this time the IPHC had been fulfilling its research role, with manage-
ment of the fishery barely begun. However, IPHC management practices soon
began showing dividends, as the fishery recovered, and in 1962 catch was
almost double that of 1931.

Foreign trawl fleets entered the halibut grounds prior to 1962,
ignoring the management procedures that had rebuilt the stocks. The results
of foreign fishing efforts became evident after 1962, as American and Canadian
halibut catches began a steady decline.

The most recent attempt by the IPHC to better manage halibut stocks,
has been the split season, a series of openings and closings with each
usually lasting around two weeks, occurring until catch quotas are harvested
or the season ending deadline arrives. However, some authorities familiar
with the situation feel that the North Pacific halibut fishery will not re-

cover again until foreign trawling is brought under strict control.

Conflicts With Other Fisheries and Other Commercial Vessels

One of the major sources of conflict is competition for limited space in
small boat harbors. An additional conflict is the incidental catch of
immature halibut by other fisheries.

Conflicts also occur between halibut fishermen and commercial vessels
over gear losses. The Coast Guard is attempting to minimize this problem

by keeping commercial traffic in well defined shipping lanes,
‘\



HERRING

Development and Market Structure

The development of the Alaska herring fishery was.historially based
on the demand for herring as an industrial fish, not as a food fish.

Alaska herring have been used in the production of oil, fertilizer, feed
additives, paint, soap, and other industrial products. The first herring
reduction plant in Alaska was built in Southeast Alaska on the Upper Chatham
Strait in 1882. This was the sole Alaskan plant of this sort until 1919;
but by 1920, there were seven reduction plants in the Chatham Strait greq
and two in Prince William Sound. The output of the Alaska herring re-
duction industry peaked at 68,000 MT (150 million pounds) in 1926.

Typically, each reduction plant processed only herring and was dependent
on herring caught in the local area. The dependence on local stocks was a
result of harvesting capacity in excess of processing capacity and the poor
keeping characteristics of herring which could not be overcome with the
limited onboard refrigeration technology which then existed.

During the early 1900s, Alaskan processors attempted to capture a
portion of the domestic market for pickled and dry salted herring, but with
little success. The market gains which resulted from new packing methods
and World War 1 were offset by a bad pack in 1918, and the market dominance
by the New England, Norwegian, and British herring industries was not
affected.

With few exceptions, herring remained an industrial fish in the United
States until the 1960s. This led to a decline in the Alaska herring
fishery which accelerated during the 1950s due to the discovery of sub-
stitutes for herring in several industrial users. Detergents came into use,
thereby decreasing the demand for herring in the production of soap; the

Atlantic and Gulf Coast menhaden fisheries and then the Peruvian anchovy



fishery expanded greatly and provided huge quantities of herring-like Tish
for industrial users; and soybeans began replacing fishmeal as a feed
additive.

Due to the large decreases in the world demand for herring, as well as
decreases in the Alaskan herring stocks, the Alaskan herring fishery became
basically a bait fish industry with only one reduction plant remaining in
the mid-1960s.

In 1963 while exploring potential Alaskan salmon roe resources, the
Japanese discovered Alaska’s potential for herring products, especially roe
and roe on ke p available in the spring. This new market for herring
products soon grew into an industry surpassing the bait herring fishery
(Table 2.2l). In 1964, 10.4 MT (23,000 pounds) of roe were exported to Japan
by a Kodiak Island producer, and by 1971 there were ten processors handling
herring products. The areas of major processing importance are Southeast
Alaska, the Kenai Peninsula, and Cordova (Figure =.S5). Some buyer ships -and
mobile freezer ships operate in the areas of Kodiak, Cook Inlet, Prince
William Sound, and points of Southeast, but they are a minor portion of the
total state output.

Herring roe is the most important of all herring products. Alaska
Department of Fish and Game Preliminary Estimates for 1976 attribute the
following percentages of the herring industry, at the producer level, to:
roe and roe on kelp, 71 percent; bait herring, 6.7 percent; whole herring
(includes frozen roe herring for export to Japan), 20.5 percent; and meal,
1.8 percent. The present emphasis is being placed on freezing whole round
roe herring for export to Japan, or with increasing incidence to Korea, to

utilize cheaper labor in completing the processing.
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PFBAL RINS FUND FUNDTT  EXBITSL R99L 299L SI&D
1977 2.4 35.343  673.6 67 1. 369 9.131  531.912  557.16  =-137.452
1978 48,975 B6.554  666.188  602.483 + 0.134  568.508  595.271 -4.416
1579 153.275 46.378  968.137  634.862 0.131  622.528  650.395  301.353
1930 275. 68.529 1329.02  1090.28 0.133  718.529  743.6 360.537
1291 411,475 ay, 497  1912.53  1485.75 0.125  826.1S4%  835.069  583.505
1682 563.425  135.434  2612,32  1515.061 0.115  913.258  S47.046  705.793
1983 731.699  186.1 3357.59  2353.46 N.121  1084.37  1080.69 739.275
1934 QuB.649  238.69 . 4499.3 3055.09 0.136 1127.96  3165.92° 1141.71
1945 1187.55 _ 319,694 5924.33  3964.1¢ 0.133  1170.41  1210.65  1425.03 _
1926 037,35 423.64%1  7294.83 U45L45,06 6.128 1251.35  1294.01  1370.51
1987 1604 .2 517.025 2530.96  5142,03 0.126  1364.55  1609.77  1356.06
1968 1935. 8 613.981 9961.52  5645.79 0.123 16498.4&4  1566.37  1310.66
1989 2193.07-  706.985 11216.7 6061.66 0.122  1647.41  1698.22  1255.19
1699 2044 ,52 796,134 12258 .6 6330, 14 0.122 1811.72  1865.57  1041.86
1991 2688, 87 870.322 13168.2 6504 .09 0.121 1971.76  2023.83 969.632
1992 2936.75 935,216 14005.7 6613.5 0.12 2138.53  2199.04 #37.469
1993 3128.27 995.08 14763.3 6655 .93 0.118 2321.21  2385.35 758. 145
1994 3837.62  1049.41  15361.9 6620, 39 J.117 2531.73  2599.72 598.117
1995 3620.52  1002.52  15775.% 649 1. 89 0.116 2756.67  2828.74 413.906
1996 3923.72  1122.71 16038, 6298.77 0.11% 3012.38  3088.77 262.215
1997 4168.14  1142.28 16126.3 6047, 45 0.113 3294.49  3375.47 88.266
1098 ¥413.22  1149.67 16014 .6 5734.77 0.112 3597.97  3683.8 -111.66
1999 4659.57  1143.09 157C2.6 5363.66 .11 3926.83  4017.82 -312.094
2000 4997.07  1122.48 15153.5 4937.91 0.109 4310.29  4406.73  ~545.035

w
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BYBITES VIABL2  RENSRAT

1077 0.229 0.604 0.068
1978 0.25 0.506 0.057

: 1079 0.24 0.468 2.047

% 1920 n.234 0.6443 9.043
1921 1.219 C.438 5.901
1942 0.208 0.443 0.043
1033 0.222 0.431 0.949
1981 fn.251 9.415 Y. 154
1995 0.25 n.403 0.051 :
1936 0.25 0.393 0.951 .

| 1957 0.249 0.392 0.953
1528 0.247 0.392 0.054
1989 . 286 7.394 6.156
1290 0.247 0.397 0.059
1991 0.245 0.404 0.96
1992 C.241 0. 417 1,262
1893 N.237  *,0.418 0.063
1994 6.233 0.429 0.765
1995 0.229 9. ih 0.067
1996 0.223 0.453 0.6
1997 n.2 N.L66 n.971
1901 8.216 0.478 .073
1999 0.212 0.493 0.075

N 2799 0.208 0.508 0 078 : .




Year

1968

)
- 1969

1970

Product Form

Fresh/frozen bait
Cured roe on kelp
Cured roe

Meal

Fresh/frozen bait
Cured roe on kelp
Cured roe

Meal

Fresh bait

Frozen whole
Frozen bait

Cured roe on kelp
Cured roe

Cured herring
Meal

Pounds

4,317,378
126,269
278,094
284>710

5,542,420
14,587
200,475
141,971

1,000
333,200
6,485,133
79,553
252,029
13,900
56,600

Value

99,074
126,270
544,101

20,338

247,034
22,317
323,306
11,356

900
19,973
269,714
59,329
417,719
3,109
5,238

ALASKA HERRING PRODUCTION,
(Continued)

Year

1971

1972

1973

Table R.2j

1960 - 1976

Product Form

Fresh whole
Fresh bait
Frozen roe

_Frozen whole

Frozen bait

Cured roe on kelp
Cured roe

Mea 1

Fresh whole

Fresh bait

Fresh roe

Frozen whole
Frozen bait

Cured roe on kelp
Cured roe

Mea 1

Frozen whole
Frozen bait

Cured roe on kelp
Cured roe

Meal

Pounds

1,123,176
140,000
3,180
405,000
4,177,272
636,004
330,889
52,300

43,721

1,935,550
5,333,402
620,150
256,539
40,158

8,297,659

10,998,645

287,746
1,378,585
154,260

Value

77,000
1,752
4,134

28,350

275,538
1,040,518
535>088
4,285

15,320

217,069
336,383
873,769
451,167

3,604

1,499,251
768,713
381,450
3,399,041
28,340



Year

1974

(}Jl 1975

.

Source:

Product Form

Fresh whole
Fresh bait
Frozen whole
Frozen bait
Cured herring
Cured herring
Cured roe on
Mea 1

Fresh/frozen
dressed
Fresh/frozen
Fresh/frozen
Fresh/frozen
dressed

roe
kelp

whole/

bait
roe
roe

Cured whole/dressed

Cured roe
Cured roe on
Meal

kelp

Pounds

1,645,092
83,500
7,377,197
50,452,725
24,554
4,477,120
1,099,182
141,400

13,009,024
1,444,723
28,664

142,227
10,320
1,577,107
761,833

Table W.Q|

ALASKA HERRING PRODUCTION,

(Continued)

Value

135,957
8,375
1,139,464

5,032,913.

24,554
2,738,810
440,251
2,348

1,714,216
184,636
72,000

193,480
19,917
3,747,743
1,077,761

Orth, et al., 1978, Preliminary Draft.

Year

1976

1960 - 1976

Product Form

Bait

Roe

Herring

Roe on kelp
Meal

Pounds

3,734,279
2,656,210
4,617,828
339,866
638,600

Value

400,644
3,642,457
1,339,776

618,651

110,478
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1 - 50,000 bs.. . . . . . ..
51,000- 100,000 lbs. . . .
101,000 - 500,000 1lbs. .
500,000 Ibs. and over .
(I'n addition to these figures,
buyer and freezer ships in
Kodi ak, Cook Inlet, Prince ,
WIlliam Sound, and S. E A- o
| aska accounted for 309,987 0
lbs. of herring received for
processing in 1976.)
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Figare W.S'A Map of Al aska, Showing the Major Processing Areas For Herring, and the Relative |nportance of

Each Area Based on 1976 Processors PRenorts.

SOURCE : Oth et al., 1978, Prelimnary Draft.



The processing of roe is a strictly controlled procedure. Harvesting °
at the proper time is the initial step in producing a good product. After
delivery to the processors, technicians supplied by the foreign buyers
usually supervise the entire roe processing operation. The roe and types ®
and quantities of ingredients that are often secrets of the technicians,
are usually packed in five gallon (19-1-ter) or fifty-pound (23 kg) containers.
The price of the final product is often partially dependent upon who supervised g
the processing. Most roe and roe on ke p is exported to the Hokkaido whole-
sale market in northern Japan, where it 1S bid upon by smaller Japanese pro-
cessors who further process the product into final consumer portions. The P
processing channels for Alaskan roe herring are summarized in Figure 2, ;

For biological as well as market reasons, the Alaskan herring roe
fisheries have been boom or bust fisheries. The biological problem is that .
the period in which herring must be harvested to obtain roe of good quality
is so short that fishermen sometimes miss all or part of the season. The
marketing problems are that the Japanese market for roe is not well understood g
and the Japanese market for herring roe imports is dominated by Canada. It
is predicted by Japanese industry sources that in 1978 Canada will furnish
approximately 85 percent of Japan’s herring roe imports, while Alaska will °
provide only about five percent.

Due to the relative size of the Canadian exports and the fact that the
Alaskan season is after the Canadian season, the demand or Alaskan roe is 9
heavily dependent on the Canadian supply of roe and a re atively small
change in the Canadian supply can result in a tremendous change in the
demand for Alaskan roe. Using the 1978 figures, a 170 percent increase in q
the Alaskan supply of roe would be necessary to offset a 10 percent decrease

in the Canadian supply.
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For some time, the primary domestic use of Alaskan herring has been as
bait. Adequate stocks are available, and minimal handling technique is
required; the only requirement being harvesting at the correct time. The
bait fishery is generally a winter endeavor, with regulations for seasons
and areas being minimal compared to the sac roe season. The returns are
very stable and predictable when compared with those of the roe fishery.

In the past bait herring was either kept alive in ponds or frozen.
Frozen bait storage has become predominant, and most herring for this
purpose is boxed and frozen (Figure g, ).

The bait herring is usually used by halibut, salmon and crab fisher-
men; the factors that affect the demand for bait herring, therefore, in-
clude: 1) the level of activity in the crab, halibut, and salmon fisheries,
2) efficiency in the use of bait in these fisheries, and 3) the avail-
ability of and preference for other bait such as bhottomfish or octopus.
These factors have tended to offset each other thus allowing only temporary

expansions or declines in the fishery between 1960 and 1978. (See Table d.5a).
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- TABLE 2.3%

YEARLY CRAB CATCH AND BAIT PRODUCTI ON

1960 - 1976
U.S. HALIBUT

CRAB CATCH CATCH, ALL BAI'T
YEAR 1,000 1bs AREAS 1,000 1bs 1,000 1bs
1960 33,303 38,058 4,232
1961 48,011 39,863 3,726
1962 61,783 40,239 6,622
1963 90,824 34,139 4,128
1964 99,444 26,232 4,594
1965 140,566 30,254 4,380
1966 164,256 30,114 5,239
1967 139,432 29,719 6,678
1968 98,532 19,131 4,317
1969 80,241 24,763 5,542
1970 76,230 25,783 6,486
1871 87,332 21,158 4,319
1972 110,010 20,363 5,377
1973 144,966 ) 17,290 10,998
1974 162,938 13,938 12,110
1975 147 ,520* 16,259 4,532*
1976 73,570* 3,734%*

Source: Al aska Departnent of Fish and Game Catch and
Production Statistics; International Halibut
Comm ssi on

*Prelimnary

6>



Statistics

Catch and Prices

The annual Alaskan herring catch has been subject to large fluctuations
in both weight and value. Between 1961 and 1975, the annual catch ranged from
3,360 MT (7.4 million pounds) in 1970 to 22,500 MT (49.5 million pounds) in
1961 while the valuye of the catch ranged from $81,000 in 1968 to $4,130,000
in 1974 {Table 2.23). During the first 10 years of this period, catch tended
to decrease but during the last five years it has tended to increase. The
value of catch has followed a similar pattern. The importance of the herring
catch re” ative to the total commercial catch in Alaska has followed the same
pattern. During this 15 year period, the annual herring catch accounted for
between 1.3 percent and 11.5 percent of the weight of the total annual

Alaskan catch and between 0.01 percent and 2.8 percent of its value.

Production

Herring production became increasingly important between 1966 and 1975.
The average annual production of herring is significantly higher for the
period as a whole than it is for the first five years and the average per-
centage of total Alaskan processing accounted for by herring production is
also much higher for the period as a whole than for the first five years
(Table %.39). Between 1966 and 1975 annual production averaged 29,700 MT
(15.6 million pounds) and ranged from 2,270 MT (5.0 million pounds) in
1968 to 29,700 MT (65.4 million pounds) in “ 974. As with most other

fisheries, the product mix has changed with fresh/frozen products increasing

their share of the total herring production



TABLE B. &2
THE ALASKAN HERRING FISHERY IN PERSPECTIVE

CATCH PRICE PERCENTAGE OF TOTAL PERCENTAGE OF TOTAL SHELLFISH
(in _000’s) ($’s per FINFISH CATCH AND FINFISH CATCH
YEAR POUNDS VALUE pound) VALUE POUNDS VALUE POUNDS
1961 49,465 $ 559 $0.01 1.1 13.5 1.0 11.5
1962 33,%76 379 0.01 0.6 9.2 0.6 7.6
1963 31,216 468 0.01 1.1 10.2 0.9 7.6
1964 47,904 79 0.02 1.3 11.8 1.1 9.4
1965 25,636 360 0.01 0.5 7.3 0.4 5.0
1966 19,256 289 0.02 0.4 4.8 0.3 3.2
1967 11,497 172 0.01 0.5 5.9 0.3 3.1
1968 8,126 81 0.01 0.1 2.4 0.1 1.7
1969 13,131 257 0.02 0.4 4.7 0.3 3,2
1970 7,418 164 0.02 0.2 1.9 0.2 1.3
1971 10,117 269 0.03 0.4 3.4 0.3 2.1
1972 14,050 418 0.03 0.6 5.9 0.4 3.3
. 1973 34,870 2,661 0.08 3.2 17.8 1.7 7.5
ci 1974 38,862 4,130 0.11 5.0 20.8 2.8 8.5
o+ 1975 35,575 1,874 0.05 2.4 18.4 1.4 8.1
“ 1976
1977
1978
Average 25,400 853

Source: ADF& Statistical Leaflets for various years.
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TABLE .UM

Herring Production in Alaska
By Type of Processing and in perspective

CANNED PERCENTAGE
__ _Number of Plants TOTAL FRESH & FROZEN & OTHER PERCENTAGE OF ALASKAN
CANNED FRESH & FROZEN PRODUCTION PRODUCTION PRODUCTION PERCENTAGE CANNED PRODUCTION
YEAR PRODUCTS PRODUCTS _  (000's 1bs,) (000°s 1bs,) (000's Tbs.) FRESH & FROZEN & OTHER OF ALL FISH
1966 10 10,000 5,240 4,760 52.4 47.6 3.2
1967 10 7,836 6,679 1,157 85.2 14.8 4.4
1968 7 5,006 4,317 689 86.2 13.8 2.1
1969 11 7,603 5,542 2>061 72.9 27.1 4.0
1970 15 7,221 6,819 402 94.4 5.6 2.5
1971 13 6,870 5,850 1,020 85.2 14.8 2.9
1972 21 8,230 7,313 917 88.9 11.1 4.1 -
1973 24 21,116 19,29 1,820 91.4 8.6 9.3
1974 29 65,390 59,648 5,742 91.2 8.8 26.4
1975 17 16,973 14,624 2,349 86.2 13.8 7.8
1976
1977
Average
(19 66-1970) 7,533 5,719 1,814 78.2 21.8 3.2
Average
(1966-1975) 15,625 13,533 2>092 83.4 16.6 6.7

Source: Alaska Department of Fish and Game, Catch and Production Report Leaflets, 1966 - 1975.



Factors of Change ®

Harvesting Technology

There have been no significant changes in the methods used for
catching herring since the inception of the Alaskan herring fishery. ®
Purse seiners have always accounted for a large portion of the total
catch, with set and drift gillnets growing in popularity.
Purse seining offers the opportunity to harvest large volumes of
fish when selectivity for size is not especially important, such as in
the bait fishery. Purse seining underwent its most important change in
1954, when the Puretic Power Block reached the market and quickly found °
its way on board most seining vessels. The power block assisted in
hoisting the pursed, and hopefully full, seine aboard. (The device is

covered in more detail in the salmon harvesting technology section.)

]
There are more gillnets in the herring fishery since herring roe
has become a lucrative export to Japan. As compared to seines, gill-
nets catch the herring at a slower rate, allowing a more consistent e
flow of raw fish to the processors and therefore resulting in a higher
quality product. Gilinets also tend to be selective in catching more
females (containing the valuable roe) of desired maturity, which is e
idea” for the roe herring fishery.
Production Technology e

Huge volumes of herring were once caught off Alaska’s coast and
used primarily to supply the needs of reduction plants. This fishery

all but disappeared years ago, leaving Tittle market for herring. Use e

vy



as bait by other fisheries, particularly halibut and crab, was the main
market for herring after the demise of the reduction industry. Bait
herring has.been kept in ponds in the past, but most bait herring is now
frozen in boxes and distributed to fishermen in frozen form.

During the early 1960s, the Japanese discovered Alaska’s potential
for herring products, especially roe. United States processors were in-
experienced at supplying such items for the Japanese market, so Japanese
importers furnished their own technicians to the American processors to
supervise the handling of the roe. Even so, after exporting herring roe
to Japan for around 15 years, Japanese technicians still oversee the roe
processing in American plants.

Removing herring roe is a labor intensive operation. However, a
relatively new machine, referred to as a herring sexer is gaining acceptance.
By examining each herring carcass with light, the machine quickly detects
females and speeds the stripping process. Many processors are still not

using the machine, preferring to wait until it is more. thoroughly refined.

Regulation

The Alaskan herring fishery, like salmon, became a limited entry
fishery in 1974, because it too faces a situation of excessive participation.
(Greater detail of limited entry policy is included in the salmon regulation
section.)

The herring fishery was primarily for bait until the Japanese demand
for roe instilled new vigor into the industry. As the new interest for roe
herring grew, new regulations were implemented. Previous to the roe fishery,

many herring Ffishery regulations were intended as a means of preventing



incidental salmon catches. Usually, the closure of certain areas to
herring fishing during salmon runs was the extent of regulation.

Herring seasons and legal fishing areas are still somewhat dependent
upon salmon management goals. Due to use of similar gear, incidental
salmon catches by herring fishermen could be significant if unregulated.
However, effort directed at herring management has become great enough
that regular seasons are now enforced in some areas, along with catch
quotas. Herring seasons are often opened and closed by emergency orders,
announced by the Alaska Department of Fish and Game. These orders are
based on immediate catch and stock information, and may sometimes occur

with very little advance notice.

Conflicts With Other Fisheries and Other Commercial Vessels

Competition for space in small boat harbors creates conflicts between
the herring fishery and other commercial fisheries. These conflicts are”
reduced to the extent that the herring fishery fleet is comprised of boats
that also participate in the salmon fisheries which typically occur after
the spring herring season.

The conflict between herring seiners and commercial vessel traffic
is increased due to the limited period in which roe herring are of the

desired quality and in high concentrations.



GROUNDFISH

Development and Market Structure

The commercial exploitation of groundfish in the Guif of Alaska began
in 1867 when, following Alaska’s purchase from Russia, the United States
established a setline fishery for cod. Prior to this period, Native sub-
sistence fishermen had long been taking catches of Pacific halibut, cod,
herring and other species and had often traded them with the Russians and,
later, the Americans.

The Tfirst foreign exploitation began with Canada’s interest in cod
and halibut in the early 1900s, but not until 1962, with the appearance of
a Soviet fishing fleet of 70 trawlers, did modern, large-scale commercial
fishing of groundfish begin in the Gulf.

The major species of groundfish which inhabit the Gulf of Alaska are ,
Alaska pollock, Pacific cod, sablefish, Pacific ocean perch, halibut, turbot,
flathead sole, rock sole, and Atka macherel. The Russians initially targeted
on Pacific ocean perch. The following year, 1963, a smaller fleet of
Japanese vessels fished the Gulf of Alaska targeting on Pacific ocean perch
and sablefish., It was noted in the Fishery Management Plan for the Gulf
of Alaska groundfish fishery during 1978 that the Japanese, until 1963,
had demonstrated a reluctance to establish a fishery in the Gulf because of
its potential impact on halibut stocks. Discussions among the governments
of Japan, Canada, and the U.S. were occurring on this topic at the time.

When the Soviet fleet started fishing in the Gulf in 1962, Japan changed
her conservative outlook and began fishing operations a year later. Unlike
the Soviet Union, whose operations are solely trawling, the Japanese also

used gillnets (1963 only), longlines and pot gear.



Catches of Pacific ocean perch peaked in 1965 at 380,000 MT, and
subsequently declined to about 48,000 MT in 1974. As declines accelerated, ¢
target species expanded to include larger catches of pollock, sablefish,
flounders and Atka mackerel. In fact, large pollock stocks now present
in the Gulf are specifically attributed to declines in the stocks of - o
Pacific ocean perch and sablefish.

Other foreign countries with fishing interests in the Gulf of Alaska
are Korea, Poland and Taiwan. Poland began fishing for sablefish in 1972 ¢
using setline gear, and in 1976 a small trawling operation took place.

Poland had small reported catches of pollock, Atka mackerel and rockfish

in 1974 and 1975 (100MT in 1974 and 2,000 MT in 1975) using factory stern ®
trawlers similar to those used by the Soviet Union. Three Taiwanese long-
liners and one factory stern trawler were observed fishing in the Gulf in

1976. o

Domestic catches of groundfish do not match the scale of foreign
exploitation, as can be seen in Table 2,:5. The United States has traditional
been involved in fishing for halibut, sablefish (using setline and trap), ¢
a bait fishery and several other sma” ler fisheries for pollack, flounders,
and rockfish. The history of domest c halibut exploitation will be treated
in a separate section. ¢

Ninety percent of the domestic :etline fishery catch of sablefish
comes from marine inside waters of Southeast Alaska. Most of the catch
(80 percent) is taken using longline gear, but recently traps have been o
utilized by some vessels. The fishery began in Southeast Alaska about 1906.
The catch peaked in 1946 at about 2,800 MT. Current annual catches are
in the vicinity of 1,100 MT. It is mainly an off-season fishery pursued e

by halibut, crab, and salmon fishermen.

o
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TABLE 2.~5§
GROUNDFISE CATCHES (APPROXIMATE)
oM TEE GULF OF arasga, 1967-75

I n 1,000 Metric Tons

SPECIES COUNTRY 1967 7.988 1969 1970 1971 1972 1973 1974 L,+/
Rockfishes . S. tr tr tr tT tr tr tr tr tr
(primarily USSR 66 45 19 2/ 30 24 4 17 10
Pacific Japan 54 56 55 45 49 53 54 41 34
ocean perch) R OK 0 0 0 0 0 0 2 2/ 2/
Pol and ~2 _o _0 _9 o _0 2 2/ 2/
TOTAL 120 101 74 45 79 77 58 S8 44
Pollock U S. 0 0 0 0 a 0 .0 tr tr
USSR 2/ 2/ 2/ 2/ T 20 30 31 38
Japan 6 6 13 g 9 14 7 30 10
R OK 0 ] tr 0 0 1 1 2/ 2/
Poland _0 _0 _o0 _o _o _0 2/ 2/ 2/
TOTAL & 6 18 9 3 35 38 61 48
Atka U. S. 0 0 0 i 0 0 0 0 0
macker el USSR 2/ 2/ 2/ 2/ 2/ 2/ 9 18 20
Japan 0 0 0 0 0 0 0 0 0
R.0.K. 0 0 0 0 0 0 0 0 0
Poland _0 _0 _o _o _o _0 2 U _1
TOTAL 0 0 0 0 0 0 9 8 21
Sablefish U S. tr tr tr tr cT 1 1 1 1
USSR 2/ 2/ 2/ 2/ tr 1 1 tr £
Japan 5 15 19 24 25 36 27 24 18
R OK 0 0 0 a 0 0 1 3 2,
Pol and -¢ _o _o _o _o _0 2 2/ 2/
TOTAL 5 15 19 24 25 38 30 2 21
Fl ounder U S Q tr tr tr tr T tT tr tr
USSR 2 2/ 2/ -2 2 2 1 2 2
Japan 5 3 3 4 2 8 19 1 2
3.0.K. 0 0 0 0 0 0 0 2/ 2/
Pol and ~e° _0o _o _o _o _0 27 2/ e
TOTAL 3 3 3 A 2 10 20 9 A
Zalib ue u. s 19 17 20 20 16 W ou 7 9
USSR 2/ 2/ 2/ 2/ 2/ tr tr er tx
Japan 0 0 0 0 0 0 0 Y 0
R OK 0 0 0 0 0 0 0 0 0
Pol and -0 _o _o _o _o _0 2, 2L T
TOTAL 19 i7 20 20 16 % -0l 7 T3
O hers 7. s. tr tr LT tr tr tr tr tr tr
(cod and USSR 11 14 1 9 1 22 8 10 9
uidentified  Japan 4 4 2 3 3 2 7 10 9
fish) ROK ] a 0 0 0 0 tr tr tr
Poland 0 _o _o _o _o _0 ez &= 1
TOTAL 15 18 3 12 % 7% 15 20 19
TOTAL u. s 1 17 20 20 16 5 D 8 1o
USSR 77 59 20 9 31 69 53 78 79
Japan 74 84 97 8s 88 113 114 112 73
.0. K 0 0 a 0 Q 1 2 3 2
Poland 9 _o _o _o _o _20 tr 33 2
TOTAL 170 180 137 11& 135 198 181 201 166
1975.

2/ Catch, if any,

1/ Japan’s catch is for the months of January to Cctober,
i ncluded under ‘other.”
3

/ Includes Canadizn catch of halibut.

SOURCE :  Fishery Managenent

4/ Excluding discarded incidental caten.

North Pacific Fishery Management Council,

L T

Plan for the Gulf of Alaska Groundfishery during 1978,




Peak catches of sablefish in the 1940s coincided with large increases
in the demand for vitamins found in liver. Demand and catch per unit effort.
subsequently declined after this period, and poor prices and poor stock
levels produced low landings and effort in the late 1960s and early 1970s.
In 1972 rising prices rejuvenated effort somewhat. A quota of 454 MT was e
instituted in northern districts of Southeast Alaska in 1973 to stop serious

stock declines. Effort was down again in 1974 due to rising costs, poor stock

conditions and low prices. i
The bait fishery arose from a need for bait in the crab and halibut

fisheries. Groundfish bait is usually taken incidentally in the shrimp

fishery although there have been recent trends to target on bait if the L

price is high. Fishing for bait is done from Prince William Sound to the
Aleutians with two-thirds of the catch landed in Kodiak. Recorded catch of
bait in 1976 was 303 MT; however, catch which goes unrecorded may equal or e
exceed that amount.

Other, smaller domestic groundfisheries include a pollock and flounder
fishery in Petersburg begun in 1976. Three trawlers landed 120 MT of .
flounders and 60 MT of pollock. An additional 126 MT of pollock was landed
by salmon seiners. Halibut and sablefish fishermen caught 128 MT of rockfish
incidentally in 1976 in Southeast, and 2,700 MT of capelin and juvenile po1lo!

classified as “waste fish” were caught incidentally in the Alaska shrimp

fishery.
To a large extent, domestic groundfishing efforts have been over- o
shadowed in recent times by the large foreign effort. It is expected that

control of foreign fishing under the Fishery Conservation and Management
Act of 1976 will play a large role in stimulating expansion of domestic L

fisheries for groundfish.



Statistics

Catch and Prices.

The groundfish catch has been increasing but still remains relatively
insignificant. Between 1966 and 1975 the annual domestic catch ranged from
136 MT (0.3 million pounds) in 1968 to 1,540 MT (3.4 million pounds) in 1973,
averaged 771 MT (1.7 million pounds), and did not amount to more than 0.5

percent of the catch of all Alaskan fisheries (Table .20 ).

Production

Despite substantial increases in the production of groundfish products
in Alaska between 1966 and 1975, these products remained relatively unim-
portant. The annual production averaged less than 680 MT (1.5 million pounds)
and accounted for at most 1.1 percent of total Alaskan processing output
(Table 2.27). There has been no change in product mix; the production con-

sists almost entirely of fresh/frozen products.



TABLE v, v &
ANNUAL ALASKA BOTTOMFISH*CATCH IN PERSPECTIVE

PERCENTAGE OF ALASKAN CATCH
FOR ALL FISHERIES

CATCH PRICE Percentage of Percentage of

YEAR (in 000”s of Ibs) (in 000’s of $’s) ($>s per pound) weight value
1966 1,662 278 0.17 0.3 0.3
1967 1,711 220 0*13 0.5 0.5
1968 284 35 0.12 0.1 0.4
1969 527 71 0*13 0.1 0*1
1970 895 156 0.17 0.2 0.2
1971 878 137 0.16 0.2 0.2
1972 1,830 475 0.26 0.4 0.5
1973 3,377 651 0.19 0.7 0.4
1974 3,134 822 0.26 0.7 0.6
1975 3,061 864 0.28 0.7 0.7
1976
1977

«+ Average:
1966-1970 1,016 152 0.15 0.2 0.2
Average:

1966-1975 1,736 371 0.19 0.4 0.3

*Bottomfish include: sablefish, rock fish, and other fish referred to as bottomfish by ADF8G.

Source: ADF&G, Catch and Production Reports, 1966 - 1975,
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TABLE 1.2

Bottomfish Production in Alaska
By Type of Processing and in Perspective

CANNED PERCENTAGE
Number of Plants TOTAL FRESH & FROZEN & OTHER PERCENTAGE OF ALASKAN
CANNED FRESH & FROZEN PRODUCTION PRODUCTION PRODUCTION PERCENTAGE CANNED PRODUCTION
YEAR  PRODUCTS PRODUCTS (000”s 1bs.,) (000's 1bs.) (000°s 1bs.) FRESH & FROZEN & OTHER OF ALL FISH
1966 11 1,537 1,536 1 99.9 0.1 0.5
1967 11 1,671 1,671 0 100.0 0.0 0.9
1968 8 200 199 1 99.5 0.5 0.1
1969 4 239 237 2 99.2 0.8 0.1
1970 7 1,100 1,099 1 99.9 0.1 0.4
1971 10 658 658 0 100.0 0.0 0.3
1672 14 1,915 1,913 2 99.9 0.1 0.9
1973 17 2,434 2,434 0 100.0 0.0 1.1
1974 20 2,499 2,469 30 98.8 1.2 1.0
1975 9 2>283 2,283 0 100.0 0.0 1.1
1976
1977
Average
(1966-1970) 949 948 | 99.7 0.3 0.4
Average
(1966-1975) 1,454 1,450 4 99.7 0.3 0.6

Source: Alaska Department of Fish and Game, Catch and Production Report Leaflets, 1966 - 1975.



Factors of Change

At the present time, no domestic groundfish fishery exists in Alaska o

or its bordering waters which is of commercial significance. Historically,
nearly all groundfish harvested off Alaska have been caught by foreign
fleets. However, considerable domestic interest in groundfish has arisen
recently, due largely to governmental actions and policies that have made
harvesting of our underutilized species appear more attractive. Therefore,
a summary of the present situation, though not necessarily a factor of

change in all instances, is presented. ,

Harvesting Technology.

Alaskan fishermen do not possess extensive experience with the gear
used to catch groundfish, nor do most vessels even have the capability of
using groundfish trawl gear without some modification. The Alaskan
shrimp fTishery most nearly parallels groundfish catching, as trawl gear is
used in both instances. Therefore, a small segment of the total Alaskan
fishing fleet could probably adapt to groundfish harvesting very quickly.

For the past several years, the owners of the newer king crab vessels
have kept an eye to the future, usually designing their craft for in-
expensive conversion to groundfish catching. The harvesting capability of
the king crab fleet has_ become so great that season openings may last only
a few weeks before quotas are met. The present king crab fleet is one of
the world’s most modern and capable. These vessels represent a great
potential for groundfish harvesting if economic returns attract their effort.

Foreign trawl fleets possess the most experience and knowledge con-

cerning groundfish catching. The Russian and Japanese fleets in particular

¢
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have experimented with numerous combinations of fleet sizes, vessel sizes,
and processing arrangements. These two countries, and many others, have
accumulated a wealth of information that could speed the growth of Alaska’s
groundfish industry by years. As growth of America’s groundfish fishery
may displace foreign fleets and reduce U.S. imports of their catches,
foreign knowledge and technology may not be as openly shared as Americans

woulld desire.

Production Technology

Groundfish production technology is another aspect of the fishery’s
development that may be dependent upon foreign assistance. Besides the
presen’ economic situation within the fishery which has not attracted very
many f-shermen or processors, producing a quality product is of major con-
tern. Groundfish reportedly suffer quality loss within a few hours after
1 anded if not properly preserved. Little information exists concerning whether
American fishing vessels can properly preserve groundfish until delivered to
a processor, or if they can carry large enough quantities to afford the
frequent trips to processing plants, barring the use of tenders or floating
processors.

The fish processing lines in the processing plants may be the best
prepared for eventual growth of the fishery. European countries have shown
great interest in supplying the necessary equipment for high volume pro-
cessing of groundfish. Though very few plants are actually equipped for
groundfish processing, a potential exists for quickly gearing up and
utilizing proven expertise.

As groundfish are usually caught and processed in great volume,

machines have been developed to assist in trimming off waste parts of the



carcass and removing the viscera. The success of these machines is often
dependent upon having fish of very consistent size. Perfection of this °
type of machine is desired by almost every finfish processing industry,

with probably the most successful to date being the lIron Chink of the salmon

processing industry. °

Regulation.

For all practical purposes, the Alaskan groundfish fishery has been e
nearly unregulated, from a domestic point of view. Almost all areas are
open to fishing year-round, with the gear to be used left to the fishermen’s
discretion. Lack of regulation by State of Alaska authorities has been °
due to almost negligible participation in the fishery by Alaskan fishermen.
With the growing interest in Alaska groundfish, the Department of
Fish and Game has declared that some areas are closed to groundfish harvesting
with certain gear, during specified periods. This serves more to protect

other fisheries at selected times than to manage groundfish stocks.

Other Governmental Policy.

Enactment of the Fisheries Conservation and Management Act of 1976 (FCMA)
was the prime instigator of the surging interest in Alaska’s groundfish. Theg@
FCMA extended United States management of commercial fish species to 200
miles (322 km) from the coastline. The expectation of many domestic fishermen
was that foreign fleets fishing within the extended zone would be forced to .
leave immediately. To many people’s surprise this did not occur. Rather,
the act provided for domestic fishermen to be given preferential treatment
in quota allotments when they possess the capability of harvesting such an @

allotment and intend to do so. The FCMA allows foreign participation when-



ever domestic catch effort is not sufficient within any fishery to utilize
that which is available for harvest as determined by U.S. regulatory agencies.
Eight regional councils were created to carry out objectives of the
fishery management program. Alaska is included in the jurisdiction of the
North Pacific Fisheries Management Council. Many problems have been en-
countered concerning the 200-mile limit and fisheries management since 1976.
There are claims that the councils do not provide preferential treatment to
domestic fishermen when demand for certain fish exceeds quotas, and that
the quotas are often based on insufficient information. Policy decisions
having international impact have sometimes become very complex, as the U.S.
Department of Commerce maintains ultimate authority over the regional
councils. Presently, major attention concerning Alaskan fisheries is
focused on whether foreign processor ships should be licensed to purchase
American caught groundfish and how this should be applied to quotas. A
definite long-term policy on this matter has yet to be developed, as the
final policy decision and subsequent regulations could have major influence

on development of the groundfish industry for years to come.

Conflicts With Other Fisheries and O her Commercial Vessels.

The principle conflict with other commercial fisheries, other than that
caused by competition for limited space in small boat harbors, is with the
halibut fishery. Incidental catch of immature halibut is the source of the
conflict. The problem can be, and to some extent has been, reduced by

avoiding areas of high concentrations of juvenile halibut.
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KING CRAB

Development and Market Structure °

Although they are different species of crab, the American king crab and
Tanner crab (often called snow crab) fisheries have developed in much the same
manner. Both species also undergo similar processing and follow almost °
identical marketing channels, although the final products are not necessarily
interchangeable in filling specific demands of consumers. Therefore,
emphasis placed on any activity necessary to move the crab from its natural ®
habitat to the final consumer may rely on many variables, such as relative
abundance of the two species, and consumer preference for a particular
product form or species. o

The Japanese pioneered both the Kking and Tanner crab fisheries in the
seas bounding Alaska. Japan started taking king crab in 1930, with an
initial catch of 450 MT (one million pounds), using one mothership operation. @
The fishery quickly peaked in 1933, with over 9,000 MT (20 million pounds) of
crab being caught by the Japanese. The catch decreased steadily through 1939,
with World War 11 impending. The fishery was maintained at minimal levels °
throughout the war. From 1947 through 1954, U.S. trawlers harvested no
more than 250,000 king crab annually. The Japanese returned to the Eastern
Bering Sea king crab fishery in 1953; and American effort and catch leveled °
off and then decreased, remaining at a negligible level from 1957 until the
early 1960s, when U.S. fishermen returned north of Unimak Island in the pot
fishery. °

In 1959, after intermittent past involvement, Russia recentered the
king crab fishery in the same areas as the Japanese fished. The two
countries competed fiercely until their landings peaked in 1964. In 1965 °
and 1966 Japan moved to other areas because of gear loss and conflicts

with the Soviets.



The United States entered into bilateral agreements with both Japan
and Russia, setting king crab quotas for 1965 and 1966. Their quotas were
adjusted downward every two years to allow the U.S. king crab fishery to
expand. Figure 3.% graphically illustrates the effect on the U.S. fishery of
the quotas for Japanese and Russian catch.

The U.S. trawl fishery in the Eastern Bering Sea had contributed most
of the total American king crab catch until 1953. However, the fishery
around Kodiak had been growing and became the major king crab area after
1954. The regional catch statistics tend to indicate Kodiak’s rise to
prominence was earlier; however, other areas such as Cook Inlet were con-
tributing heavily prior to 1954. The vessels involved in crabbing were
growing both in numbers and size, and often had circulating sea water tanks
which greatly increased the distances they could venture. The catching
capability of the fleet quickly outgrew the capacity of the Kodiak processors.

In March of 1964, a tidal wave following an earthquake destroyed three
of the four canneries that processed crab, and many of the crab boats. But,
by April, 1965, four new canneries with larger capacities were operating,
and many new replacement vessels were arriving. The years 1965, 1966, and
1967, were the most productive ever for the king crab fishery, for Kodiak
and the entire state of Alaska (Table 2.231).

As with king crab, the Japanese were first to harvest tanner crab in

the Eastern Bering Sea. They experimented with tanner crab from 1953 to
1964, and started increasing their efforts immediately when the United
States implemented quotas decreasing the king crab harvest. Japan caught
1.03 million tanner crab in 1965, and increased this to 18.2 million in
1870. The U.S. included tanner crab quotas in the bilateral agreements

with Japan and the U.S.S.R. starting in 1971. The Russians had also
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DOMESTI C CATCH OF ALASKA KI NG CRAB

TABLE =, a3

BY REG ON, 1941 -

~

1977 (xn POUNDS)

S.E. CENTRAL WESTERN
YEAR ALASKA ALASKA ATLASKA TOTAL
1941 17 472 32,760 - 50,232
1942 4,912 70,352 - 75,264
1943 13,468 31,228 - 44,696
1944 13,648 1,560 - 15,208
1945 - - - --
1946 13,400 9,200 - 22,600
1947 17,550 521 734,597 752,568
1948 -= -- 2,133,354 2,133,354
1949 -= -= 1,206,945 1,206,945
1950 -= 64,882 1,454,367 1,519,249
1951 -= 202,281 1,791,631 1,993,912
1952 - 779,611 1,993,222 2,772,833
3.953 -= 2,614,277 1,998,932 4,613,209
1954 - - 6,356,827 2,514,243 8,871,070
,-1955 -= 5,951,120 2,211,800 8,162,920
1956 -= 6,899,795 1,896,227 8,796,022,
1957 -= 12,488,131 588,434 13,076,565
1958 - 11,211,554 -= 11,211,554
, 1959 -= 18,839,470 -- 18,833,47S
1960 3,424 27,878,630 687,962 28,570,016
1961 429,600 38,854,800 4,127,200 43,411,600
1962 1,289,550 44,652,990 6,839,580 52,782,120 ,
1963 1,112 ,200 50,786,570 26,841,470 78,740,240
1964 820,530 51,638,590 34,261,550 86,720,670
1965 579,300 94,505,762 36,585,630 131,670,712
1966 105,899 117,305,088 41,790,708 159,201,595
1967 599,078 83,010,695 44,106,117 1.27,715,390
1968 2,199,772 37,559,518 42,278,206 82,037,436
1969 1,895,168 20,274,859 35,539,781 57,729,803
1870 577,802 19,587,102 31,896,126 52,061,030
1971 571,062 20,220,631 49,911,412 70,703,105
1972 952,602 24,722,072 48,751,982 74,426,656
1973 874,180 23,610,989 52,338,934 76,824,103
1974 583,294 32,121,859 62,508,643 95,213,796
1975 436,478 29,667,311 67,525,144 97,628,933
1976 398,463 23,318,393 82,108,140 105,824,995
1977 312,355 16,084,094 83,032,208 <29,448,657
Source: uy. S. Departnent of the Interior, rish and wWildlife

Ser vi ce, Fishery Statisti

Digest No's. 1-5I, (1941-1959) ; and, ADF&G Commercial
Fisheries Catch and Production Statistics 1960-75,
ADF&G Shellfish Catch Report (prelimnary data)
1976-77.
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shifted more emphasis to Tanner crab as the king crab quotas decreased, but
left the Tanner crab fishery entirely after ?971. °

The Ffirst significant Tanner crab catch by the U.S. was in 1968. The
fishery became attractive as King crab catches declined, and gained further
importance as a source of supplemental income when king crab seasons were @
closed. American Tanner crab catch increased through 1977, except for the
strike year of 1975, and in 1977 Tanner crab nearly equaled king crab in
weight caught. In 1975 many fishermen opted to refrain from fishing until e
they had completed negotiations with processors to establish minimum prices.
As with king crab, the American catch increased with the implementation of”
quotas for Japan and Russia (Figure 2.7 ). Tanner crab will surpass king e
crab in weight caught for al? of Alaska in 1978, if the expected increase
in Bering Sea Tanner crab landings is realized.

The Alaska crab fisheries have gradually been shifting westward for .
some time, which can be observed in catch Table 2.%° for Tanner crab, and
Table 2.28 for king crab. This trend may indicate serious economic impact
on Kodiak as more facilities are becoming available west of Kodiak to accom-@
modate the Bering Sea harvest. |In 1967 the Kodiak area produced 93.8 percent
of the total Alaska Tanner crab, while in 1977 it produced only 21.1 percent
of the state total, The trend has been similar for king crab. °

Though king crab and Tanner crab have generally emerged as differen-
tiated products with certain demands for each, the processing and marketing
channels of both are almost identical. Alaska king crab is the most widely e
recognized of the three Alaskan crab species commercial’ly harvested, and
brings the highest price. An attempt was made at one time to market Tanner
crab under the name “queen” crab, but an FDA ruling was issued prohibiting e
the implied similarity to king crab. Thereafter, Tanner crab has commonly

been marketed as snow crab.
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1977
1976
1975
1.974
1973
1972
1971
1970
1969
1968

1967

$OURCE :

SOUTH-
EAST

3,373. 4
3,885.5
3,032.2
3,087.5
1,893.0
790.1
251.1
583.2
267 .4
109.3

2.7

P.W.
SOUND™

2,894.8
6, 000. 4
5,016.7
9,597.8
12,296.8
8,550.7

642.3
1,292.4

936.5

245_.2

COX
I NLET

5, 655.
6, 031.
4,952.
7,660.
8,509.
4,807.

2,116.

1,328.7

1,479.

165.

TABLE B.x

CATCH OF TANNER CRAB

BY AREA

(in thousands of pounds)

KODI AK
20, 720. 1
23, 446. 2
17,506.3
25,474.5
31,519.9
11,906.6

7,410.8

7,708.1

6,822.7

2,561.0

111.1

ADF&G STATI STI CAL LEAFLETS 1960 -

CHIGNIK

5, 616.
11, 169.
3,756.
4,087.
918.
26.

152.

38.

21.

1975;

4
6

6

s. EAST WEST  BERI NG

PENI NSULA  ALEUTI ANS SEA
(Adak) ’

6,891.0 1,301.7 ‘51, 876. 2
7,240. 9 534.3  62.2 22,341.5
5,483,9 77.2 3.3 7,028.4
8,384.2 498.8 70.5 5,044.2
5,652.8 59.0 168.5 301.¢€
3,938.1 3.9 111.7
2,140.8 166.0
2,093.6 1,464 .4

606.3 21.0 2.2 1,033.2

110.6 12.8 ' 18.1

3.0
1976 - 3.977 PRELIMINARY DATA

ALL
ALASKA

98, 329.

80, 712.

46,857.
63,906.
61,319.
30,135.
12,880.
14,473.
11,207.

3,243.

118.



Whole crabs are rarely marketed except through small local markets
within Alaska. Whole crabs are too large and bulky to ship economically.
Sections, consisting of the natural ratio of four legs and one claw, are
the most common product of initial processing at Alaska plants, as they

are less labor intensive than other product forms. This expedites
transport out of oftentimes overcrowded Alaska cold storage facilities,
and helps lessen the need for expensive, and sometimes unavailable,
Alaskan labor. The sections leave the plants in brine frozen bulk
packages, usually weighing 34 to 68 kg (75 to 150 pounds).

Frozen meat is the second most common crab product from Alaska
processing plants. The extracted meats are frozen into blocks often
weighing around 6.8 kg (15 pounds), and shipped to the lower states.

Alaskan crab for domestic use is usually shipped to Seattle or
other nearby cities for reprocessing and further distribution. Firms
may own plants in both Alaska and the Seattle area, or have the re-
processing performed on a custom basis. Reprocessing usually consists *
of extracting meat from the sections for freezing or less often for
canning, or of portioning the bulk frozen blocks into 2.3 kg (Ffive-pound)
blocks which are then packaged six to a container. Canning, whether per-
formed in Alaska or another location, is becoming less popular. The
expenses associated with canning coupled to the increasing price of raw ,
crab are resulting n a final product of such high price that it meets
consumer resistance Packages of crab claws only are marketed too, but
as with whole crab, they are considered a specialty item and are a small
sector of the entire crab products market. There has been a move away from
whole crab and extracted meats, and an increasing tendency to produce
crab sections in Alaskan processing plants. It must be stressed that

much of the Alaskan product undergoes reprocessing, and Alaska output is



not necessarily representative of the product mix that reaches the final

consumer . @
Seattle serves as a trans-shipment point for most Alaskan crab that

is exported, with the remainder being exported directly from Alaska.

Crab that is exported usually remains in bulk portions for reprocessing .

after arriving at the foreign destination. As Japan’s fishing fleets

have come under increasing regulation and its catch quotas have been

lowered, its imports of crab from Alaska have increased significantly. @

Japan’s imports of Alaskan crab have risen from almost negligible levels

in the late 1960s, to volumes making Japan the largest buyer through the

mid and late 1970s (Tables : %2 and 2.21). 9
King crab and Tanner crab usually follow the same marketing channels

(Figures "z, 5 and .0 ). After reprocessing, the products are stored in the

Seattle area. This location serves &s the direct distribution point for .

the northwestern United States. Product destined for other areas is

shipped to the major distribution centers for storage in facilities

owned or leased by the processing company (Figure 3. 3). Data revealing .

the amounts of various products passing through these centers are not

readily available. However, in 1965, over half of the Alaska king crab

marketed in the U.S. was sold on the east coast (Youde & Wix, 1967). °

Local wholesalers are the primary buyers from the distribution centers,

with brokers serving as the intermediaries. The major buyers from

wholesalers are institutional markets, including restaurants, and retail °

food stores, with institutional buyers dominating the market.



Year

1268
1969
1970
1971
1972
1973
1974
1975
1976
1977

SQURCE

TABLE 2.2 &

UNI TED STATES EXPORTS OF PREPARED CR PRESERVED
AND FROZEN KI'NG CRAB, 1968 - 1977

Prepared or Preserved"

(000°s)

United States Bureau of Census FT 410 Schedul e B.

171.
50.
199.
40.
20.
1,524.
706.
446.
370.
268.

OFRPOONOOUIN 0O

Commodity by Country, 1968 - 1977.

L i ncl udes canned ki ng crab.

SQURCE

A

TABLE 2.3,

UNI TED STATES EXPORTS OF FROZEN TANNER CRAB
TO JAPAN, 1970 - 1976

Year

1970
1971
1972
1973
1974
1975
1976

Orth, et al.,

Thousands of Pounds

63.3
68.9
51.0
11,835.3
7,353.7
3,421.9
8,183.8

1978, Prelimnary Draft.



MARKET CHANNELS - FROZEN KING AND TANMNER CRAR PRODUCTS
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MARKET CHANNELS - cCANNED aLasxaN SHELLFI SH propucTs

® -
[Fishermen ]
® : N
Alaskan Proecessiing €orpanies
Export sales made “\War ehouse storage
by company sales Seattle area
organization (product | abel ed and cased)

L !
® Sal es made through Leased or owned warehouses
broker .or conpany sales at major points of
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@
| Retail chains
@
" SOURCE : Orth et al., 1978, Prelininary Draft
[

Figure 2.



Distribution of Alaskan Shell?f
Precducts b Majocr (Czncers of
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First Port of Landing: - Seattle, Belli:
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Statistics

Catch and Prices

The king crab fishery is among the most important commercial fisheries
in Alaska in terms of both weight and value of catch. Between 1961 and 1977,
the annual catch ranged from 19,700 MT to 72,200 MT (43.4 million pounds to
159.2 million pounds), and accounted for between 31 percent and 84 percent
of the Alaskan shellfish catch and between 9 percent and 34 percent of the
Alaska catch of both finfish and shellfish (Table =. :3). The value of the an-
nual catch for 1961 through 1975 ranged from $3.9 million to $44.7 million
and accounted for between 59 percent and 89 percent of the value of all
Alaskan shellfish and between 7 percent and 29 percent of value of the total

Alaskan catch.

After rapid increases between 1961 and 1966, and then decreases from
1967 through 1970, the annual king crab catch in Alaska began to increase
again, but by 1977 the catch was still only 62 percent of the record catch
of 1966. Due to increases " n the ex-vessel price of king crab, the value
of the catch has tended to ncrease. Between 1967 and 1975, there were sSix
years in which the value of catch exceeded that of 1966. Despite both
the increases in the price of king crab and the recent increases in catch,
the dominance of king crab in the Alaskan shellfish fisheries is decreasing

in terms of catch and value of. catch.

Production
King crab products have been the largest single component of shellfish

processing in Alaska. From 1966 through 1975, annual king crab production



TABLE k.32
THE ALASKAN KING CRAB FISHERY IN PERSPECTIVE

CATCH PRICE PERCENTAGE OF TOTAL PERCENTAGE OF TOTAL SHELLFISH

(in 0007s) ($’°s per SHELLFISH CATCH AND FINFISH CATCH
YEAR POUNDS VALUE pound) VALUE POUNDS VALUE POUNDS
1961 43,412 $3,914 $0.09 76.5 66.8 7.2 10.1
1962 52,782 5,278 0.10 74.4 66.4 7.7 11.8
1963 78,740 7,607 0.10 79.1 74.0 14.1 19.1
1964 86,721 8,186 0.09 82.0 80.8 12.8 16.9
1965 131,671 12,729 0.10 87.7 83.6 15.7 25.9
1966 159,202 15,670 0.10 89.2 82.7 17.4 26.7
1967 127,723 14,970 0.12 82.2 70.4 27.5 33.9
1968 81,905 21,816 0.27 78.4 57.6 24.9 17.3
1969 57,730 15,644 0.27 71.5 44 47 18.8 14.2
1970 52,061 13,190 0.25 64.3 34.2 12.4 9.5
1971 70,703 19,077 0.27 73.3 38.5 20.9 14.7
1972 74,427 20,519 0.28 63.8 38.1 20.7 17.2
1973 76,824 44,702 0.58 64.2 28.8 29.2 16.6
1974 95,214 39,154 0.41 59.3 34,9 26.3 20.7
1975 97,629 38,251 0.39 69.0 39.5 28.9 22.2
1976 105,825 33.3 18.2
1977 99,449 31.5 15.7
1978
Average: 87,765 18,714

Source: ADF8G Statistical Leaflets for various years,



averaged 11,500 MT (25.4 million pounds), ranged between 5,810 MT (12.8
million pounds) in 1959 and 20,900 MT (46.1 million pounds) in 1966, and

on the average accounted for 11.0 percent of the total Alaskan processing
output (Table =.22). Although total production has not tended to increase or
decrease, there has been a substantial decrease in the production of other
than fresh or frozen products. The product mix of fresh or frozen products

is summarized in Table =.<% .



TABLE 12,

g
LN

King Crab Production in Alaska

By Type of Processing and in Perspective

CANNED PERCENTAGE
Number of Plants TOTAL FRESH & FROZEN & OTHER PERCENTAGE OF ALASKAN
CANNED FRESH & FROZEN PRODUCTION PRODUCTION PRODUCTION PERCENTAGE CANNED PRODUCTION
YEAR PRODUCTS PRODUCTS (000”s 1bs. ) (000°s 1bs.) (000°s ]bs.) FRESH & FROZEN & (ITHER OF ALL FISH
1966 10 35 46,068 37,372 8,696 81.1 18.9 14.6
1967 14 38 29,888 22,088 7,800 73.9 26.1 16.9
1968 12 43 19,344 17,507 1,837 90.5 9.5 8.0
1969 13 40 12,823 11,468 1,355 89.4 10.6 6.8
1970 13 30 14,842 13,753 1,089 92.7 7.3 5.2
1971 5 35 17,146 16,173 973 94.3 5.7 7.2
1972 5 43 19,794 18,768 1,026 94.8 5.2 9.8
1373 4 61 28,588 27,642 946 96.7 3.3 12.8
1974 4 47 25,508 24,697 811 96.8 3.2 10.3
1974 3 49 40,350 39,276 1,074 97.3 2.7 18.6
td 197
i, 1977
Averaqe
(1966-1970) 24,593 20,438 4,155 85.5 14.5 10.3
Average
(1966-1975) 25,435 22,874 2,561 90.8 9.2 11.0
Source: Alaska Department of Fish and Game, Catch and Production Report Leaflets, 1966 - 1975.
o o ® ® . o o ®
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TABLE V2. 2y

Fresh and Frozen King Crab Production
In Alaska by Product Type

1966 - 1975
TOTAL
PRODUCT ION WHOLE SECTIONS MEAT PERCENTAGE PERCENTAGE PERCENTAGE
YEAR (000s 1bs. ) (000°s 1bs. ) (000°s 1bs.)  (000°s 1bs.) WHOLE SECTIONS MEAT
1966 37,341 6,534 5,593 25,214 17.5 15.0 67.5
1967 22,087 2,710 2,439 16,938 12.3 11.0 76.7
1968 17,506 5,879 3,644 7,983 33.6 20.8 45.6
1969 11,467 1,102 1,094 9,271 9.6 9.5 80.8
1970 13,753 1,651 5,061 7,041 12.0 36.8 51.2
1971 16,174 24 6,266 9,884 0.1 38.7 61.1
1972 18,768 766 8,199 9,803 4.1 43.7 52.2
1973 27,635 576 18,782 8,277 2.1 68.0 30.0
1974 * 274,697 4,035 10,438 10,224 16.3 42.3 41 .4
1975 39,276 30,488 4,201 4,587 77.6 10.7 11.7
1976
1977
Average
(1966- 1970)

20,431 3,575 3,566 13,289 17.0 18.6 64.4

Average
(1966- 1975)
22,870 5,376 6,572 10,922 18.5 29 .7 51.8

Source: Alaska Department of Fish and Game, Catch and Production Statistical Leaflets, 1966 - 1975.



Factor of Change

Harvesting Technology

The primary harvesting methods of Alaska’s three commercial crab species,
king, Tanner, and Dungeness, have not changed greatly since the Alaskan crab
fisheries began growing noticeably after World War 11. Pots are used almost .
exclusively for the catching of all three species, although ring nets and
diving gear are legal. Prior to 1954, trawl gear, used mostly in the Bering
Sea, accounted for a small but significant portion of Alaska’s king crab
catch. Since that time, trawling for crab has been abolished for domestic
fishermen. In 1964 the same ban was implemented for foreign fleets who were
issued quotas for the amount of crab they could catch within American re-
gulated areas.

The pots used by the three crab fisheries are quite similar in con-
struction, with modifications appropriate to the target specie. King crab
pots are normally the largest, about 2.1 m by 2.1 m by 76 m (7 feet by 7
feet by 2 1/2 feet), with Tanner crab pots being scaled down replicas or pyra-
midal in shape. Dungeness pots are the smallest, and usually round rather ®
than square. The basic design of pots has changed little. However, it is
not uncommon for individual fishermen to experiment with modifications to the

openings, and use ‘“odd-shaped” pots.

°
The hydraulic pot hauler has made crabbing safer, as well as easing the
manual work load. This device is capable of adjusting for changing stress
on the pot line, decreasing the chance of snapping the line and losing the o

pot. The pot hauler has been invaluable in the fisheries for Tanner and
king crab, which brave possibly the world’s most adverse fishing conditions
during winter in the Bering Sea.

The crab vessels themselves have undergone the most drastic changes

within the fisheries. King and Tanner crab are harvested primarily during

¢,
‘



winter months, when seas are roughest and icing conditions are common. As
these fisheries expanded into the Bering Sea, even more severe weather was
to be dealt with. The original crabbing vessels were converted seiners,
halibut schooners, and almost any other type of vessel imaginable. Good
prices for king crab soon encouraged the construction of a modern fleet of
27 m (90 foot) and larger vessels, designed for great stability and hauling
capacity. The fleet grew swiftly during the late 1960s, with new vessels
still arriving on a steady basis.

Besides the adequate size of new vessels, they are equipped with
sophisticated navigational gear and refrigeration systems. Loran A and C
are navigational systems based on determining one’s position at sea by the
use of transmissions from specific points. Crab vessel operators claim
accuracy to within 91.4 m (100 yards) of their desired destination point,
making the once tedious task of locating crab pot buoys less time consuming.
The large vessels also have fish holds with refrigerated sea water cir-
culation systems for holding the crab alive. Many Tfishing grounds wouid be
inaccessible due to travel time if the circulating systems were not utilized,
as dead crab cannot be accepted by processors, and the crab will perish if
their water is not changed about every twenty minutes.

Most of the newer crab vessels have been designed for rapid conversion
to other fisheries and gear, the most common being trawling gear for ground-
fishing. Due to the huge catching capacity of the crab fleet, it is becoming

imperative that such large vessels be versatile enough to enter other

fisheries.

Production Technology

Present crab processing is very similar to that of twenty years ago.

The Japanese had developed considerable expertise at crab preservation prior



to World War 11, but were not generous in sharing their knowledge as the
American crab fisheries developed following the war. However, by 1955,
American methods had advanced rapidly and U.S. packs of crab, both frozen
and canned, were supposedly superior in quality of Japan’s. Americans
froze the majority of the catch during the first years of the fisheries,
because it was the only method capable of providing quick enough processing
to avoid loss of quality. Canning methods were improved and became more
prevalent during the 1960s. Canning declined significantly during the

past ten years or so as freezing became more common in the preservation of

almost all fish species.

Regulation

Alaska’s crab fisheries, though decades old by 1960, were never subjected
to massive overfishing before the State of Alaska assumed regulatory control
of the fisheries. Thus, the opportunity to proceed cautiously with their
development was utilized, resulting in king and Tanner crab fisheries that
have avoided the “boom or bust” situation characterizing many fisheries.

Due to Dungeness crab competition from southern Pacific states, Alaska’s
Dungeness fishery has been less steady, attracting effort as prices rose or
as a secondary fishery for vessels temporarily out of work. However, minimal
regulation of the Dungeness fishery has been necessary due to the relative
lack of interest.

Crab, as with shrimp, have proven a difficult species to properly manage.
The population often increases or decreases for yet unknown reasons in un-
fished areas as well as in Ffishing grounds. This occurrence has been some-
what responsible for decreased catches in areas that have received adequate

fishing constraint.



Crab fishing regulations specify type of gear, amount of gear, open
seasons, anti sex and size of legal crabs. Only male crabs can be harvested,
with minimum sizes specified for each spec es during certain times of the
year. Until 1971 the Tanner and king crab fisheries were nearly unregulated.
In 1971 for the first time, specific seasons and quotas were established.
Catch data revealed that a significant decrease of king crab in the Kodiak
area was occurring at the time. The major effects of lower king crab catches
and stricter regulation in the Kodiak area was expansion of the fishery west-
ward and diversification into Tanner crab.

As effort increased in the Tanner and king crab fisheries and new crab
areas were developed, the Department of Fish and Game implemented appropriate
seasons and quotas to maintain adequate stocks. In recent years, the Bering
Sea and western Aleutian area have become the most important crabbing area in
Alaska, and even these remote areas are subject to catch quotas and season

closures.

Other Governmental Policy.

Until the early 1970s, the Russian and Japanese fishing fleets harvested
significant amounts of king and Tanner crab from Alaskan waters. As the
American crab fisheries rapidly developed the capacity to harvest available
stocks, the federal government negot ated agreements with Japan and Russia,
establishing quotas for each country that would decrease annually. (This
situation is covered in more detail n the market structure section for

Tanner and king crab.)

rd
Conflicts With Other Fisheries and Other Commercial Vessels.

In addition to the conflict caused by competition for space in

crowded small boat harbors, conflicts arise with other fisheries and, in



particular, non-fishing commercial vessels due to the nature of crab fishery
gear. Pots are lowered to the ocean floor and then left, their location
being marked by a float. If the float is torn loose from the pot by the
gear or hull of other ships the pot cannot be recovered. The Coast Guard
has tried to reduce such losses due to non-fishing commercial vessels by
establishing well defined shipping lanes.

A conflict exists between the halibut and king crab fishery due to

occasional incidental catch of immature halibut in crab pots.



TANNER CRAB

Development and Market Structure

The development of the Tanner crab fishery is discussed in the king

crab sub-chapter.

Statistics

Catch and Prices.

The Tanner (snow) crab fishery has grown from an incidental catch
fishery in 1961 to a dominant shellfish fishery, with an annual catch
approaching that of king crab in 1977 and expected to surpass it in 1978
(Table 2.iZ). Between 1961 and 1977, the annual catch ranged from zero in
1963 and 1965 to 44,600 MT (98.3 million pounds) in 1977, and accounted for
between none and 31 percent of the total shellfish catch. The catch and its
importance in the total shellfish fishery increased annually in all but
two years between 1966 and 1977  Generally stable or increasing prices
resulted in a similarly steady ncrease in the value of catch. Between
1961 and 1975, the value of the annual Tanner crab catch ranged from $0
in the years for which no landings were recorded to $73.1 million in “ 974
and accounted for up to 19.8 percent of the value of the total shellf sh

catch.

Production.

Tanner crab production has become increasingly important and may soon
rival king crab as the leading shellfish product, Between 1966 and 1975
annual Tanner crab production averaged 3,490 MT (7.7 million pounds) which is
more than six times the average for 1966-1970, ranged from less than 45.4 MT

(0.1 million pounds) in 1968 to 10,600 MT (23.3 million pounds) in 1973, and
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TABLE K.3¢
THE ALASKAN TANNER (SNOW) CRAB FISHERY IN PERSPECTIVE

CATCH PRICE PERCENTAGE OF TOTAL PERCENTAGE OF TOTAL SHELLFISH

(in 0007s) ($’s per SHELLFISH CATCH AND FINFISH CATCH
YEAR POUNDS VALUE Qound ) VALUE POUNDS VALUE POUNDS
1961 7 $ 0.7 $ 0.10 0.01 0.01
1962 11 1.1 0.10 0.02 0.01
1963
1964 13 1.39 0.10 0.01 0.01
1965
1966 0.2 0.01 0.05
1967 118 11.8 0.10 0.06 0.06 0.02 0.03
1968 3,248 323.6 0.10 1.2 2.3 0.4 0.68
1969 11,207 1,133 0.10 5.2 8.6 1.4 2.7
1970 14,473 1,417 0.10 6.9 9.5 1.3 2.6
1971 12,880 1,369 0.11 5.3 7.0 1.5 2.7
1972 30,135 3,731 0.12 11.6 15.4 3.8 7.0
1973 61,719 10,756 0.17 15.4 23.2 7.0 13.3
1974 63,906 13,0582 0.20 19.8 23.5 8.8 13.9
1975 46,857 7,019 0.15 12.7 19.0 5.3 10.6
1976 80,712 25.4 13.9
1977 98,329 31.1 15.5
1978
Average 24,919 2,588

Source: ADF&G Statistical Leaflets for various years.



accounted for up to 10.2 percent of the total Alaskan processing output
(Table T.7:). As with other fish, the percentage of total production con-
sisting of fresh/frozen products has increased.

In addition to the change in product mix between fresh/frozen and
other products, there has been a change in the product mix of fresh/frozen
products: the production of whole crab and sections has increased and

that of meat has decreased, see Table ?..7-.

Factors of Change

Due to the similarit es between the factors of change for the Tanner

crab and king crab fisheres, they are presented together 1n the king crab

sub-chapter.

Conflicts with Other Fisheries and Other Commercial Vessels

See the appropriate section in the king crab sub-chapter.

(4
(W4



TABLE ¥.

Tanner Crab Production in Alaska
By Type of Processing and in Perspective

CANNED PERCENTAGE
Number of Plants TOTAL FRESH & FROZEN & OTHER PERCENTAGE OF ALASKAN
CANNED FRESH & FROZEN PRODUCTION PRODUCTION PRODUCTION PERCENTAGE CANNED PRODUCTION
YEAR PRODUCTS PRODUCTS (000°s 1bs.)  (000°s 1bs,) (000's 1bs.) FRESH & FROZEN & OTHER  OF ALL FISH
1966 —— -
1967 - - 43 38 5 88.4 11.6 0.0
1968 2 22 816 783 33 96.0 4.0 0.3
1969 10 20 2,116 1,550 566 73.3 26.7 1.1
1970 10 20 3,115 2,286 829 73.4 26.6 1.1
1971 4 16 2,324 15795 529 77.2 22.8 1.0
1972 6 35 7,503 6,808 695 90.7 9.3 3.7
1973 7 49 23,301 22,203 1,098 95.3 4.7 10.2
1974 7 44 18,303 17,255 1,048 94.3 5.7 7.4
1975 . 33 19,095 18,390 705 96.3 3.7 8.8
1976
1977
Average
(1966-1970) 1,218 931 287 76.4 23.6 0.5
Average
(1966-1975) 7,662 7,111 551 92.8 7.2 3.4

Source: Alaska Department of Fish and Game, Catch and Production Report Leaflets, 1966 - 1975.



TABLE .z

Fresh and Frozen Tanner Crab Production
In Alaska by Product Type

1966 - 1975
TOTAL
PRODUCTION WHOLE SECTIONS MEAT PERCENTAGE =~ PERCENTAGE PERCENTAGE
YEAR (000°s 1bs.) (000°s 1bs.) (000’s 1bs.) (000's 1bs.) WHOLE SECTIONS MEAT
1966 -
1967 38 “lo 727 1 26.3 1.1 2.6
1968 783 269 377 137 34.4 48.1 17.5
1969 1,550 988 38 524 63.7 2.5 33.8
1970 2,286 2 1 1,099 1,166 0.9 48.1 51.0
1971 1,794 691 1,092 0.6 38.5 60.9
1972 6,808 1,01 2,831 2,974 14.7 41.6 43.7
1973 22,203 782 14,937 6,484 3.5 67.3 29.2
1974 17,255 1,323 14,025 1,907 7.7 81.3 11.1
1975 18,389 17,100 1,047 242 93.0 5.7 1.3
1976
1977
Average (1966 - 1970)
931 258 308 366 27.6 33.1 39.3

Average (1966 - 1975)

7,111 2,151 3,507 1,453 30.2 49.3 20.4

Source: Alaska Department of Fish and Game, Catch and Production Statistical Leaflets, 1966 - 1975.



DUNGENESS CRAB

Development and Market Structure o

Dungeness crab plays a very minor role in the Alaska crab fishery in
comparison to Tanner or king crab, although the fishery, concerning domestic
harvesting, predates the other two. The Alaska Dungeness fishery was just @
reaching substantial size after World War 11 when the king crab fishery be-
gan tremendous growth. Only 227 MT (500,000 pounds) of Dungeness crab was
harvested in Alaska in 1954, a considerable drop from previous years. Alask#®
Dungeness catch data prior to 1954 was not available for comparison, but 227 M
(500,000 pounds) constituted only 1.8 percent of the tots” American catch
in 1954. This is much lower than in any of the years for which com- °
plete data were available, ranging from 8.8 percent to 55 2 percent (Table
2.38).

Referring to Table T.:2, it is easily seen that the Dungeness crab °
fishery commonly fluctuates. Catch levels do not dip as low as the 1954
harvest, but have recently been around only 1,360 MT (three million pounds)
per year after remaining nearly 4,540 MT (10 million pounds) or more per year@®
during the late 1960s.

The effort directed toward Dungeness crab varies greatly because of
the Alaska fishery’s dependence upon the well-being of the Dungeness e
fisheries of the lower Pacific staies. Oregon, Washington, and California
all harvest significant volumes of Dungeness crab. Due to lower pro-
cessing costs and an obvious locat  onal advantage that reduces trans- q
portation expenses, processors can afford to pay more for crab landed at
processing plants located in the lower states than at Alaskan plants.

The Oregon, Washington, and California crab fishermen usually supply q

nearly all the Dungeness crab that processors care to purchase. However,
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TABLE .0

U S. AND ALASKA DUNGENESS CRAB LANDI NGS, 1961 - 1975.

Tot al Al aska Portion of Total $ Val ue of Price per Eoundl
U S. Catch Catch Caught in Alaskal Al aska Catch of Al aska Catch
Year (000) (000) (%) (000) (¢)
1961 32,699 4,592 14.0 442 9.6
1962 23, 364 8, 990 38.5 1,001 11.1
1963 24,863 12,084 48. 6 1, 358 11.2
1964 23,043 12,709 55.2 1, 465 11.5
1965 28,913 8, 895 30.1 1,000 11.2
1966 39, 718 5, 053 12.7 606 12.0
1967 42, 437 11,598 27.3 1,508 13.0
1968 49, 970 13,242 26.5 1,774 13. 4
1969 48,055 11, 304 23.5 1,620 14.3
1970 58, 509 9,696 16. 6 1,414 14. 6
1971 42,679 3,749 8.8 610 16. 3
1972 5,448 1,968 36.1
1973 6, 423 3,427 53.3
1974 3,818 1,973 51.6
1975 3,034 1,649 54.3

SOURCE : Al aska Departnment of Fish and Ganme, Statistical Leaflet No. 28 NWFS
Basi ¢ Econom ¢ Indicators, King and bDungeness Crabs, 1947 - 1972.

1 Cal cul ated from source data



when the lower states” harvest falls short of meeting demand, processors
start bidding the price up in order to obtain Sufficient supplies. This
in turn increases the prices offered in Alaska and attracts fishermen into
the fishery. The price offered in Alaska will still be lower, reflecting
the transportation costs associated with moving the crab to the market,
usually Seattle.

Growth of the king crab fishery had a doubly detrimental effect on
the Alaskan Dungeness crab fishery. Besides attracting a considerable
amount of effort away from Dungeness crab Ffishing, king crab captured a
significant portion of the market that Dungeness crab had historically
supplied, while expanding into new markets. This Teft the Tlower Dungeness
crab fisheries to supply a dwindling demand.

The smaller Dungeness crab are commonly frozen and shipped whole from
Alaska. This product form is impractical for the larger Tanner and Kking
crab. Dungeness crab are also portioned and frozen, or utilized for
canning.

Dungeness crab is generally marketed through the same channels as
Tanner and Kking crab, and the market structure section for those crab can
be referred to for greater detail on the matter. Dungeness crab is normally
not marketed as widely as Tanner and king crab, as the western United .
States accounts for the majority of sales. Also, due to being available
whole, Oungeness crab is sometimes able to supply a specialty market not

open to the larger species of crab.

Factors of Change.

The factors of change for all the crab fisheries are presented in the

king crab sub-chapter,



Conflicts With Other Fisheries and Other Commercial Vessels,

The conflicts of the Dungeness crab fishery and others are somewhat
similar to those of the other crab fisheries. Differences can arise,
however, since the Dungeness crab fishery tends to operate closer to shore

than do the other fisheries.



Statistics

Catch and Prices.

Unlike the king crab fishery, the dungeness crab fishery has not
dominated the Alaskan shellfish fisheries. Between 1961 and 1977, annual
catch ranged from 544 MT (1.2 million pounds) in 1977 to 5,990 MT (13.2
million pounds) in 1968 and accounted for between 0.4 percent and 12 per-
cent of the state’s shellfish catch (Table = 234 ). From 1961 through 1975,
the annual value of the Dungeness crab catch ranged from $0.4 million in
1961 to $3.4 million in 1973 and accounted for between 2.3 percent and
14.7 percent of the value of the Alaskan shellfish catch. Since 1968 the
catch has tended to decrease, but due to almost annual iIncreases iIn the ex-
vessel price of Dungeness crab, the value of the catch has fluctuated, but
with no tendency to increase or decrease. The importance of the Dungeness
crab relative to the tota? shellfish fishery has tended to decrease in,

terms of catch and value of catch.

Production.

Dungeness crab have become less important in Alaskan processing in
the past 10 years. Both the average annual production of Dungeness crab
and the average percentage of Alaskan production attributable to Dungeness
crab production were higher for 1966-1970 than for 1966-1975, (Table T .- :).
Between 1966 and 1975 annual production averaged 1,950 MT (4.3 million
pounds), ranged from a low of 1,090 MT (2.4 million pounds) in 1971 to a
high of 2,950 MT (6.5 million pounds) in 1967 and accounted for no more
than 3.6 percent of total Alaskan production of all fish. As with other
fish, fresh/frozen products have increased their share of total production.
The change in the product mix of fresh/frozen products is summarized in

Table Z.=. .
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TABLE &
THE ALASKAN DUNGENESS CRAB FISHERY IN PERSPECTIVE

CATCH PRICE PERCENTAGE OF TOTAL PERCENTAGE OF TOTAL SHELLFISH
(in 000’s) ($'s per SHELLFISH CATCH AND FINFISH CATCH
YEAR POUNDS VALUE pound) VALUE POUNDS VALUE POUNDS
1961 4,592 $ 442 $0.10 8.6 7.1 0.8 1.1
1962 8,990 1,001 0.11 14.1 11.3 1.5 2.0
1963 12,084 1,358 0.11 14.1 11.4 2.5 2.9
1964 12,709 1,465 0.12 14.7 11.8 2.3 2.5
1965 8,895 1,000 0.11 6.9 5.6 1.2 1.7
1966 5,053 606 0.12 3.4 2.6 0.7 0.8
1967 11,598 1,508 0.13 8.3 6.4 2.8 3.1
1968 13,242 1,774 0.13 6.4 9.3 2.0 2.8
1969 11,304 1,620 0.14 7.4 8.7 1.9 2.8
1970 9,696 1,414 0.15 6.9 6.4 1.3 1.8
1971 3,749 610 0.16 2.3 2.0 0.7 0.8
1972 5,448 1,968 0.36 6.1 2.8 2.0 1.3
, 1973 6,423 3,427 0.53 4.9 2.4 2.2 1.4
(v 1974 3,818 1,973 0.52 3.0 1.4 1.3 0.8
1975 3,034 1,649 0.54 3.0 1.2 1.2 0.7
v 1976 1,538 0.5 0.3
1977 1,177 0.4 0.2
1978
Average 7,256 1,454

Source: ADF&G Statistical Leaflets for various years.



TABLE v.w0

Dungeness Crab Production in Alaska
By Type of Processing and in Perspective

CANNED PERCENTAGE
Numher of Plants TOTAL FRESH & FROZEN & OTHER PERCENTAGE OF ALASKAN
“CANNED FRESH & FROZEN  PRODUCTION PRODUCTION PRODUCTION PERCENTAGE CANNED  PRODUCTION

YEAR PRODUCTS PRODUCTS (000's 1bs.) (000's 1bs,) (000's 1bs.) FRESH & FROZEN & OTHER OF ALL FISH
1966 7 13 2,614 2,506 108 95.9 4.1 0.8
1967 6 17 6,459 6,216 243 96.2 3.8 3.6
1968 5 21 5,770 5,267 503 91.3 8.7 2.4
1969 6 22 5,215 5,027 188 96.4 3.6 2.8
1970 6 20 5,252 5,147 105 99.0 2.0 1.8
197 6 25 2,392 2,346 46 98.1 1.9 1.0
1972 2 2 7 3,719 3,626 93 97.5 2.5 1.8
1973 . 3 34 4,487 4,468 19 99.6 0.4 2.0 "
1971 1, 40 4,257 4,247 10 99.8 0.2 1.7

.J 1975 0 27 2,438 2,438 0 100.0 0.0 1.1

. 1976

) 19717
Average
(1966-1970) 5,062 4,833 229 95.6 4.4 2.3
Rveraqe
(1966-1975) 4,260 4,129 131 97.3 2.7 1.9

Seurce: Alaska Department of Fish and Game, Catch and Production Report Leaflets, 1966 - 1975.
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TABLE .ty
Fresh and Frozen Dungeness Crab Production
In Alaska by Product Type
1966 - 1975
TOTAL
PRODUCTION WHOLE SECTIONS MEAT “  PERCENTAGE PERCENTAGE PERCENTAGE
YEAR  (000°s 1bs.)  (000°s 1bs.) (000°s 1bs.)  (000's 1bs.) WHOLE SECTIONS MEAT
1966 2,505 135 1>443 927 5.4 57.6 37.0
1967 6,216 2,073 3>777 366 33.3 60.8 5.9
1968 5,268 807 2,998 1,463 15.3 56.9 27.8
1969 5,027 2,705 2,243 79 53.8 44.6 1.6
1970 5,147 2,584 2,406 157 50.2 46.7 3.1
1971 2,345 1,281 948 116 54.6 40.4 4.9
1972 3,625 2,619 958 48 72.2 26.4 1.3
1973 4,468 2,653 1,334 481 59.4 29.9 10.8
1974 4,246 2,081 1,458 707 49.0 34.3 16.7
1975 4,876 2,190 248 2,438 44.9 5.1 50.0
1976
1977
Average
(1966- 1970)

4,832 1,661 2,573 598 31.6 53.3 15.1

Average
(1966 - 1975)
4,372 1,913 1,781 678 43.8 40.3 15.9

Source: Alaska Department of Fish and Game, Catch and Production Statistical Leaflets, 1966 - 1975.



SHRIMP

Development and Market Structure

Alaska’s first shrimp processing plant was located on Thomas Bay,
north of Petersburg. It became operational in 1915, and was joined by
three additional plants in southeast Alaska by 1921. Alaskan shrimp were
taken almost exclusively by beam trawl at the time, with 74.4 MT (164,000
pounds) being caught in 1916. The southeast Alaska catch increased to
998 MT (2.2 million pounds) in 1921, and fluctuated between 771 and 2,490 MT
(1.7 and 5.5 mil 1 ion pounds) through 1956. Southeast Al aska’s shrimp
fishery peaked in 1958, at 3,450 MT (7.6 million pounds), then decreased to
less than 454 MT (one million pounds) per year since 1970.

Shrimp processing had always been very labor intensive due to hand
picking (removing the shrimp from their shells), and until 1957 a shortage
of hand laborers had slowed growth of the fishery. In 1957, a mechanical
peeler was used in Wrangell, and by 1958 several peelers were operating in
Kodiak. The advent of the mechanical peeler greatly increased shrimp
processing capacity by removing the constraints created by labor force
size. As a result of the increased processing capability, rich shrimp
grounds around Kodiak were the subject of increased fishing effort, and
after 1958 the Kodiak area developed into Alaska’s major shrimp producer.
Kodiak®s shrimp catch peaked at 37,300 MT (82.2 million pounds) in 1971, and
accounted for over 80 percent of the total Alaskan catch from 1965 to 1972.
After 1971 shrimp catch quotas were implemented wh ch slowed the growth of
Kodiak catches. Regulations in the Kodiak area, a ong with a growing
market for the shrimp, prompted increased fishing activity along the
southern Alaska Peninsula, especially the Chignik area. In recent years
effort in this expanding westward area has resulted in catches of over
double that of the Kodiak area. The processing capacity in the newer

fishing areas has grown to accommodate the large harvests.

-



Japan and Russia have participated in the Alaskan shrimp fishery, but
did not help pioneer the fishery as they did with such species as Tanner
and king crab. The Japanese first fished for shrimp off Alaska in 1961, in
the Bering Sea north of the Pribilof Islands. One factory ship and 16
trawlers were used during the first year, and over 14,100 MT (31 million
pounds) of shrimp were caught. Japan’s catch from the eastern Bering Sea
peaked in 1963, at ove